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INTRODUCTION

Marine structures education, for the purposes of this study, and hence this
report, includes the structures portions of both the undergraduate and the graduate
programs at well-recognized schools that grant degrees in the disciplines of naval
architecture and/or ocean engineering, intending they indicate that the recipients are
reasonably capable of analyzing and designing ships and boats and other marine
craft, and/or offshore platforms or other offshore marine systems. This does not
preclude the recognition that many of those in the practice and even the teaching of
marine structural analysis and design may well have earned their degrees at these
same or at different schools but in other mechanics-based engineering disciplines,
such as civil, mechanical, or aerospace, in applied mechanics, or perhaps at the
graduate level in a narrower specialized field sometimes called “structural mechanics"
or just "engineering structures." Thus the extent to which this may indeed be so is
significant and will be discussed.

There is an undeniable perception that structural considerations are not at
present being given adequate attention in the curricula at some of the schools of
interest, and this stems at least in part from differing expectations of what
understanding and capability with regard to structural analysis and design the
graduates of these programs should have obtained. This is in fact a perennial
problem that pervades all of higher education. It is essential that students be
informed about as much of the basic knowledge pertinent to their particular field as
possible and gain an understanding of the principles and underlying historical
evolution of ideas and problems that have led to the distinctive definition of that field.
But it is equally necessary that they acquire the capacity to contribute their efforts
in practicing professionally in that field, whether that entails resolving typical current
problems with existing approaches and procedures or, less often, conducting and
perhaps directing research and/or development undertakings seeking to enhance and
often to improve them or, more frequently, just to understand the problems
themselves more fully.

These twin demands are clearly evident in engineering education. The programs
at some schools have curricula that emphasize one usually at the expense of
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satisfactorily achieving the other at the undergraduate level, even though most
schools have until recently not considered the preparation for general practice as the
main focus at the graduate level. The degree to which this is so at the dozen or so
schools of concern in this project will be assessed. Their programs will be evaluated
primarily with respect to the content appropriate to the subject of this report, marine
structural analysis and design, while noting that the generic term "ocean engineering"
is unlike "naval architecture" not at all limited to the analysis and design of vessels
and offshore platforms and the structures content therefore in several may not be
extensive. Two of the schools are indeed military academies and the somewhat

special circumstances at them must be acknowledged.

In no instances are the descriptions of and discussions about the programs and
the individual courses, and sometimes even the instructors for those courses,
intended to be construed as criticism, favorable or unfavorable. This study sought to
determine how correct the perception mentioned above actually is, and this report will
describe and discuss the material and other information that permitted some
conclusions to be reached. Colleagues at all the schools were helpful in providing this
material and interchanges with them have been most beneficial, and are much
appreciated. Many other friends or acquaintances in the marine industry were also
interviewed and/or responded to, and often elaborated on their answers to, a

questionnaire sent to them or their organizations.

This report will first include brief descriptions of the undergraduate and the
graduate programs at the various schools that satisfy the engineering needs of the
marine industry by having created and sustained educational efforts particularly in
naval architecture and/or in ocean engineering. The material that might have been
included is vast indeed. But while the primary interest is in the marine structures
courses, they can only be properly understood, and discussed in the next section of the
report, in relation to the total content of and the other requirements imposed on these

programs.

A third section of the report will review the responses to a series of questions
addressed to individuals and/or organizations representing the various branches of the
total marine industry that are concerned to some significant degree with structural
analysis and design. Their impressions and expectations regarding the education
programs, their satisfaction with their own basic knowledge of and their confidence in

-2




their current marine structural analysis and design practices, and their views on how
their own or the marine industry's circumstances with respect to these matters
might be bettered, were sought.

The report will be completed with a section providing the conclusions reached as
a result of undertaking this project, plus some recommendations suggested by those

conclusions.




NAVAL ARCHITECTURE AND OCEAN ENGINEERING
PROGRAMS IN NORTH AMERICA,
AND THEIR RELATION TO CURRENT TRENDS AND
CONCERNS IN ENGINEERING EDUCATION

The more traditional undergraduate programs in naval architecture in the
United States and Canada are currently those offered by Webb Institute, the
University of Michigan, the University of New Orleans, and Memorial University in
St. John's, Newfoundland. There is a Department of Naval Architecture and Marine
Engineering at Michigan and their program includes both the engineering disciplines
named if indeed they are considered distinctive (as they sometimes are) rather than
essentially a single discipline. The program at New Orleans is administratively
offered by the School of Naval Architecture and Marine Engineering and like Michigan
tends to consider the two fields a single discipline. That at St. John's is entitled Naval
Architectural Engineering and is administratively actually offered by the Faculty of
Engineering and Applied Science. Until recently the University of California at
Berkeley and the Massachusetts Institute of Technology offered similar programs,
but those students at Berkeley now are enrolled in the Mechanical Engineering
Department even though the Department of Naval Architecture and Offshore
Engineering stills exists and its faculty offer some undergraduate courses in naval
architecture, and the Department of Ocean Engineering at MIT maintains a
bachelor's degree-granting program in ocean engineering that also still includes

courses in naval architecture.

The other well-established undergraduate ocean engineering programs are at
Florida Institute of Technology, Florida Atlantic University, Virginia Polytechnic
Institute at State University, where the home department is designated the
Aerospace and Ocean Engineering Department, and at Texas A&M University (at
the College Station campus, not that at Galveston) where it is administratively
within the Civil Engineering Department even though the degree is in ocean

engineering.

The U.S. Coast Guard Academy and the U.S. Naval Academy are the only two
military schools included in this study even though accredited programs are available
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at two of the maritime academies — in marine engineering systems at the U.S.
Merchant Marine Academy and in naval architecture and, separately, in marine
engineering at the State University of New York Maritime College - which both
incorporate the so-called Regimental System and could therefore be considered
military, or perhaps quasi-military, schools. They were not included, however,
because so very few of their graduates seek careers practicing naval architecture and
fewer still specializing in marine structural analysis and design. At Annapolis majors
are available in naval architecture, in ocean engineering, and in marine engineering
from naturally enough, the Department of Naval Architecture, Ocean, and Marine
Engineering. At the Coast Guard Academy the single major in naval architecture and
marine engineering, considered a single discipline much as at Michigan and New
Orleans, is offered by the Engineering Department.

Other undergraduate programs or courses not part of this study are the
relatively quite new and still small but coherent and accredited one in ocean
engineering at Rhode Island, and the sequences of courses in naval architecture
offered within the Mechanical Engineering Department at the University of
Washington. Those at the two military academies are indeed only included because
graduates who have completed these programs often do enter into the practice of
naval architecture and/or ocean engineering immediately after fulfilling their service
obligations or even later when retiring after often gaining service experience or
possibly additional formal education that might suggest that choice is quite
appropriate. These late entrants to the field have sometimes majored in engineering
disciplines other than naval architecture or ocean engineering while earning their
undergraduate degrees at the academies.

These dozen institutions are thus at present the principal sources of very nearly
all of those naval architecture and/or ocean engineering bachelor's degree-level
graduates now entering practice or continuing their studies at the graduate level, and
have been (with some variations at several of the schools) the sources for the last
several decades. They are also schools that have traditionally offered graduate
programs in naval architecture and/or ocean engineering, and still do with the
exception of the military academies and Webb — which is initiating a master's degree
program in "Ocean Technology and Commerce" as this is written. Again, several
other institutions do have graduate programs in ocean engineering, notably Hawaii,
Miami, New Hampshire, and Rhode Island, and there is now a graduate program in
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naval engineering at the Naval Postgraduate School in Monterey. But limiting the
study to these dozen schools and dealing with their undergraduate curricula and the
corresponding graduate programs, but including also the graduate program at the
Technical University of Nova Scotia, would seem sufficient to gain an adequate
understanding of and to describe adequately the state of marine structures education
in North America. Table 1 indicates the degrees at all levels granted by these

institutions.



TABLE 1

VARIOUS DEGREE DESIGNATIONS AND LEVELS FOR PROGRAMS OF INTEREST AT

INSTITUTION

INSTITUTIONS INCLUDED IN THIS STUDY.

DEGREE DESIGNATIONS AND UNITS

Webb

in Naval Architecture and Marine Engineering by Webb

Institute

DEGREE LEVELS
B!

Michigan

in Naval Architecture and Marine Engineering by the
Department of Naval Architecture and Marine
Engineering

B, M2, E3, D*

New Orleans

in Naval Architectural and Marine Engineering by the
School of Naval Architecture and Marine Engineering

B,M

Memorial

in Naval Architectural Engineering, also in Ocean
Engineering at Graduate Level, by the Faculty of
Engineering and Applied Science

B,M

Berkeley

as Ocean Engineering Option in Mechanical Engineering
at undergraduate level and in Naval Architecture and
Offshore Engineering at graduate level by Department
of Naval Architecture and Offshore Engineering

B,M,E,D

Coast Guard
Academy

in Naval Architecture and Marine Engineering by the
Department of Engineering

Naval Academy

in Naval Architecture or in Ocean Engineering (or in
Marine Engineering) by the Department of Naval
Architecture, Ocean and Marine Engineering

Virginia Tech

in Ocean Engineering at the undergraduate level and at
the Master's degree level, but in Aerospace and Ocean
Engineering at the Doctor's degree level, by the
Department of Aerospace and Ocean Engineering

B,M,D

MIT

in Ocean Engineering at the undergraduate level and in
Ocean Engineering or Naval Architecture or as Naval
Engineer at the graduate level by the Department of
Ocean Engineering

B,M,E,D

Texas A&M

in Ocean Engineering by the Department of Civil
Engineering '

Florida Atlantic

in Ocean Engineering by the Department of Ocean
Engineering, but also Master's degree in Civil
Engineering as well as Ocean Engineering

B,M,D

Florida Tech

in Ocean Engineering by the Department of Ocean
Engineering

B,M,D

Nova Scotia

in Naval Architecture by the Department of Mechanical
Engineering

M,D

Sources: Bulletins (Catalogs, Calendars) of the various schools (see BIBLIOGRAPHY) and personal

communication.

1. B - Bachelor degree, whether B.S.E., B.Sc.

9. M - Master's degree, whether M.S.E., M.Eng,, M.S.,, M.A.Sc.

3. E - Professional degree, Naval Engineer, Naval Architect, Ocean Engineer
4. D - Doctorate, whether D.Eng., D.Sc,, Ph.D.




Engineering Education Trends and Concepts

These programs, however, are among a number of other programs in engineering
offered by the respective institutions and the departments involved are just single
individual units among a number of departments with, again, Webb being the
exception. Usually, a teaching department is administratively within a college, and
the college one of a number within the institution as a whole. Many policies of one
sort or another, certainly financial support, admission standards, and other factors
are not set entirely at the discretion of the faculty members of a single department.
They do largely determine the curricula of their particular programs once they are
created, through even the establishment of individual courses and to some lesser
extent their content generally are reviewed and approved by a college-level
curriculum committee so as to avoid redundancy, insure quality, and, often today, to
reduce costs and maintain some efficiency in the offerings overall. Large enrollments
in any course are viewed with favor by the college administrators, and the course
may even be presented with large lecture sessions being given by a professor and
several so-called recitation sessions directed by relatively inexpensive teaching
assistants if the enrollment is large enough and, hopefully, the subject matter is
amenable to such a format. Very small enrollments, especially in undergraduate
courses, often attract the attention of administrators and can lead to elimination or

revision, including being offered less frequently.

Faculty members are also not entirely free to direct their own efforts as they
alone may choose. Those associated with most of the programs listed in the foregoing
must conduct research as well as teach, and have administrative committee
assignments and/or counseling responsibilities and other service-type duties. Most
presumably are permitted to do some consulting, and several of particular interest to
this study as well as many others have outside activities extensive enough to
warrant personal incorporation. While the concepts of tenure and academic freedom,
the requirements for promotion at large universities, and other such matters are
beyond the scope of this study, it is pertinent to note that younger and newer faculty
members are in fact judged and rewarded largely upon the extent and level of
sophistication of their publications and the number and the quality of the theses
produced by the doctoral students they have directed. Both of these depend largely
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upon the extent and level of sophistication and thus the number and the quality of the
research endeavors for which they have obtained funding. While such an

arrangement is not at all inconsistent with the overall academic mission of the large
research university as it exists in North America today, it has led to faculties in any
given discipline that often consist mostly of the best and brightest doctoral graduates
in that discipline from one of the schools having almost immediately obtained a
teaching position at one of the others and thus having gained very limited if any
experience or knowledge concerning professional practice in industry. While this is
not entirely characteristic of any of the schools being reviewed, it is to some greater
or lesser degree the situation at many of them and probably increasingly so at most.
In recognition of this several have appointed as "adj unct" professors individuals with
industrial experience whose presence at the schools may have been prompted by the
need to hire them to take advantage of their experience to assist in conducting
research, but anticipating they may also teach for perhaps several years. Others
have hired local practicing naval architects and/or ocean engineers as lecturers, often
for a single course for a single term. This procedure is also often followed, however,
because of the lack of adequate regular faculty members, possibly because of
sabbatical leaves, sickness or similar temporary circumstances; but it has all too
often recently been necessary because a retired professor has not been permanently
replaced, very possibly due to declining enrollment in the program. The nature of ény
of these programs is thus subject to temporary and even permanexit modifications
because of such changes in the size and composition of the faculty.

But programs must also be changed if the "service courses" which are included
in the curricula are altered. These obviously include the basic courses in
mathematics — typically through differential equations - and chemistry, physics, and
often computer programming and usage included in all undergraduate engineering
curricula, but termed service courses because they are typically given by a unit other
than the departments responsible for the naval architecture and/or ocean engineering
programs of interest in this study. This is usually also the situation with regard to
the introductory courses in thermodynamics, electrical and material science and
engineering, and mechanics - statics, dynamics, fluid mechanics, and solid mechanics
(mechanics of deformable materials or bodies, strength of materials, or whatever
name may be used). Changes may also be caused by revisions in composition and/or
technical writing requirements or arrangements, decisions by the entire school or




college with regard to the number and distribution of elective courses in the
humanities and social sciences, or other similar factors.

That curricula are in a seemingly perpetual state of transition is therefore an
accepted situation, in engineering education in any case, but this condition stems as
much or more from the technological changes — actually the pace of technological
advances — that are affecting the knowledge and understanding needed to practice in

any of the engineering disciplines.

Undergraduate Programs

Adequate descriptions, for the purpose of this report, of the individual
undergraduate programs dealt with can best be accomplished by reproducing here as
figures the typical term-by-term course listings and/or other excerpts from their
catalogs (or bulletins or calendars, as they are sometimes called) trusting that the
course titles are representative enough to preclude the need to provide also each and
every one of the individual course descriptions usually also contained in the catalogs.
Pertinent marine structural analysis and design course descriptions, and the
syllabuses for them, will be included in the next section of this report, however.

Webb Institute

Webb is unique among the programs of interest to this study, in several
respects. First, all of the entering students are there to study only naval architecture
and must all complete the identical sequence of courses created, and truly integrated,
with that beneficial circumstance providing a distinct advantage not present
elsewhere. Basic mechanics, for example, need not be introduced first in general
physics courses and then essentially retaught in engineering science courses and then
revisited in professional courses as is characteristic in the curricula at other schools
at which the contents of the physics courses, with ABET — Accreditation Board for
Engineering Education and Technology — encouragement, are usually determined by a
somewhat remote physics department. At Webb material first taught in engineering
science courses can be used in the various naval architecture courses that
immediately follow very much as if the two courses are considered together a single
entity. There are several other arrangements by which Webb can gain special
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efficiencies not possible at other schools, mostly including introductory material,
analysis techniques, and even applications in earlier courses - in structures or
hydrodynamics or marine engineering - that directly pertain to or even specifically
initiate the procedures and exercises to be dealt with in a following design course.
Having eight-week practical work periods in the marine industry required each year is
obviously also an important bonus to the Webb curricula. Despite the lack of the
much more extensive supporting infrastructure found at most of the other
engineering schools, including relatively large faculties from other engineering
disciplines available certainly to influence and possibly to improve and expand the
educational experiences of students, it is universally acknowledged that Webb
provides a thoroughly satisfactory if not exemplary education to its students. That
their program is as comprehensive as it is may be due largely to efficiencies of the
type listed above and more credit hours per semester and totally than required by
other programs; but many believe the balance obtained between imparting knowledge
and understanding, and simultaneously instilling in the graduates the capability for
them to be able better to meet the expectations found in the marine industry that
they also be able to carry out the routine tasks along with the more complex and
demanding ones in particular, is accomplished because the faculty at Webb consists
primarily of individuals with professional experience in industry and they are not
distracted continually or evaluated to the same extent by the heavier other demands
and expectations beyond teaching well as are their colleagues at the major research
universities. The curricula at Webb is shown in the course listing in Figure 1.
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SCHEDULE OF COURSES

The subjects of instruction, given during each of the four years,

arc lisied on the following pages.

A semester hour represents one hour of recitatioa or two hours
of deafting or laboratory work per week per semester. The term “semes-

ter hour™ is identical with the term “credit hour™.

Freshmen
First Semester Sem. Class
Hrs. Hrs.
Technical Communications 2 2
Mathematics | - Cakculus | 4 4
General Chemistry 3ih 4
Physics | - Elementary Mechanics &

Engineering Statics 4 4
Engineering Graphics 2h M)
Naval Architecture [ - Introduction to

Shipbuilding Ih 2
Macine Engincering [ - Introduction to

Marine Engineering 1) _2_

19 23
Satisfactory completion of 8 weeks practical work is required.

Second Semester
Marine Engincering H - Shipboard Systems 3 3
The Human Experience | 3 3
Mathematics 11 - Cakeulus I 4 4
Computer Applications 2 3
Physics IT - Heat, Light and Sound 3 4
Materials Science 4 S

19 2
Sophomores
First Semester Sem. Qlass
Hrx Hrs.
Humanities Elective 3 3
Mathematics Il - Differential Equations 3 3
Computer Programming 2 3
Naval Architecture I 3 4
Streagth of Materials 4 4
Dynamics 4 4
19 21
Satisfactory completion of 8 weeks practical work is required.

Second Semester
Western Literature 3 3
Mathematics [V - Advanced Engincering

Mathematics 4 4
Physics I - Electricity and Magnetism 3 4
Fluid Mechanics 3 3
Thermodynamics 3 3
Marine Engincering I - Ship Systems II 4 4

20 1

Juniors

Q
g

Hrs.
Human Experience (! 3
Engineering Economics 1
Probability and Random Processes 3
Marine Engineering IV -
Machine Design and Transmission Systems 3
Electrical Engineering I - Circuits and
Electronics 3
Nava! Architecture 11l - Ship Resistance and
Propulsion 2
Nava! Architecture [V - Ship Structure 3
19

I&N » w U—HE

N

Satisfactory compiction of 8 weeks practical work is required.
Second Semester

American Politics and Foreign Policy 2
Marine Engineering V - Stcam Plants 3
Engincering Laboratory 24
Electrical Engineering IT - Machines and Controls 3
Naval Architecture V - Ship Hydrodynamics 4
Naval Architecture V1 - Elements of Ship

Design and Production 3

th

aharwN

Thesis

Bl oa

—Seniors

First Semester

Ethics and the Profession
Ship Vibrations
Naval Architecture VII - Ship Design |
Marine Engineering V1 - Diesel Engines,
Plam Design and Comparative Economics 4h )
2h b
17 2

Sem.
Hrs. Hrs.
3
3
4

Satisfactory completion of 8 weeks practical work is required.
Second Semester

Professional Communications 2
Naval Architecture VIII - Ship Design 11 3h
Naval Architecture IX - Propeller Design

and Vibrations 3
Naval Architecture X - Special Topics in Naval

Architecture 2
Thesis 2
Seminar 0
Selected Topics 3

w [~ )

W N

FIGURE 1. THE WEBB PROGRAM (REPRODUCED FROM THE 1995-96 "CATALOG")

-12-




The University of Michigan

The current undergraduate curriculum at Michigan, while similar in many ways
to that at Webb, is almost classical in its structure and content including as it does
only minor modifications over the last decade or two. It is shown in Figure 2. Two
recent changes that should be noted are the insertion among the program subjects
just after the introductory course entitled Marine Design, of one new one devoted to
production considerations, replacing the more traditional course in hydrostatics and
stability which is now covered more completely in the introductory course and in the
second new course entitled Marine Hydrodynamics I. The latter course also includes
most of the material previously taught in a more general fluid mechanics service
course offered by the Mechanical Engineering Department, and required in most of
the other mechanics-based programs such as civil and mechanical engineering but
not aerospace. The traditional resistance and propulsion material is now included in
the Marine Hydrodynamics II course, probably giving the impression to some that
naval architecture and marine engineering is now even more predominantly
concerned with hydrodynamics rather — of which more later — than the long-standing
"four areas of concentration" referred to in the Technical Elective requirements.
These only recently were "ship" strength, hydrodynamics, power systems, and
dynamics (vibrations and rigid body motions, both of which are periodic), and are now
preceded by the designation "marine" to reflect that they now are more devoted to a
more systems-oriented treatment involving all types of marine systems and not just
to ships and boats.

The University of New Orleans

The undergraduate program at New Orleans is very similar to that at Michigan
prior to the recent changes noted above, coherent to the same degree and structured
in an almost identical manner. It is illustrated in Figure 3. The individual course
titles include the prefix "offshore structure and ship" (i.e., Offshore Structure and Ship
Strength I and Offshore Structure and Ship Dynamics II) rather than the more
generic "marine", but there does indeed seem to be somewhat more coverage of
offshore platforms in several of the courses and in the overall curriculum then is the
case at Michigan. There are not, however, any courses dealing specifically with some

of the many other ocean engineering topics.
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Required Programs

Hours
Subjacts raquired by all programs (56 hrs.)

1234567

(See under "Minimum Common Requirements,” page 57, for altematives)

Sample Schedule by Term

Mathematics 115, 116, 215, and 216 16 44 44 - - - -
English 125, College Writing & 4 - - - - - - -
* Personal Computing 3 3 - - < - - - .
Chemistry 130 and 125 or 210 and 211 § § - < « + « < .
Physics 140 with Lab 141; 240 with Lab 241 8 -4 4 - - - - -
Senior Technical Communication I 3
Humanities and Social Sciences (see pages61,65) 17 - 6 - 3 - - 4 4
Advanced Mathemalics (3 br3.)

Mathematics 350 3 - - - -3 - -
Related Technical Subjects (16 brs.)

MSE 250, Prin of Eng Materials 3 <8 - - - « - -
ME 211, Intro to Solid Mechanics 4 - - &4 - - - < -
ME 240, Intro to Dynamics 3 - - -3 - - - -
ME 235, Thermodynamics | 3 - - -3 « - - -
EECS 314, Cct Analy and Electronics i J 3 - .
Program Subjects (38 hrs.)

NA 270, Marine Design 3 - -3 - - - - -
NA 275, Marine Systems Manufacturing 3 - e -3 - - - .
NA 310, Marine Structures | 4 - - - - 4 - - -
NA 320, Marine Hydrodynamics | 4 - - - - 4 - - -
NA 321, Marine Hydrodynarmics # 4 - - - - - 4 - -
NA 330, Marine Power Systems | 4 - - - - 4 - - -
NA 340, Marine Dynamics | 4 - « - - - 4 - -
NA 391, Marine Lab 3 - - - - - |
NA 470, Ship Design or NA 471,

Ofttshore Eng Design 3 - e e e e 3 .
NA 475, Design Project 3 - e e e e e 3
NA 481, Probal Meth in Marine Sys 3 - - e ... 3 -
Technical Electives (9 hrs.)

These must include at least two of the second
courses in the four areas of concentration—
NA 410, Marine Struc 11; NA 425, Envir Ocean

Dynamics; NA 430, Mar Power Systems |l;

of NA 440, Mar Dynamics i 6 - - - - - - 33
Another Technical Elective 3 - e e e e .- 3
Frae Elactives (6 hrs.) 6 - - - - - 3 3 -
Total 128 1617151861517 1618

*Eng 103 (3 Nrs), Eng 104 (3 hrs), Eng 106 (4 hrs), or Eng 107 (4 tws) acceptable; Eng 106
of Eng 107 preferred, 1 hour counting as free-elective credit.

FIGURE 2. THE MICHIGAN PROGRAM (REPRODUCED FROM THE COLLEGE OF
ENGINEERING 1995-96 "BULLETIN")
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FRESHMAN YEAR CRHRS SOPHOMORE YEAR CR KRS
ENGL 1187, 1158 6 ENGL 2182 3
Arts Bective' 3 MATH 21186, 2221 ¢
MATH 2111, 21122 10  PHYS 1082 3
PHYS 1081, 1063 4 ENME 2780 3
CHEM 1017 3 CHEM 1018°, 1023 ]
CcsC 1201 3 ENCE 2311, 2350, 2351 ?
ENGR 1000 1 NAME 2180, 2160 [}
ENME 1781 3 Sociel Science Elective’ 3
i | -
33 38
JUNIOR YEAR CRHRS  SENIOR YEAR CR HRS
ECON 2000* 3 Humanities Blective’ 3
ENEE 2500, 3518, 3501 7  Socis! Sclence or
ENME 3020, 37186, 3720, 3770 10 Humanities Elective’ 3
NAME 3120, 3130, 3140, Utecaturs Electives' 6
3150, 3180 15 Biology Blective' 3
ENGR 3030 1
NAME 4150, 4155 ]
—  NAME Blectives’ it
38 33
ANALYSIS + DESIGN = TOTAL
NAME 2180 INTRO TO StaP & OFFSHORE
STRUCTURES DES & CONSTR 20 + 10 = 30
MAME 2180 FORM CALC & STABLLITY 30 + 00 - 30
NAME 3081 KAVAL ARCH DES PROJECT 0.0 + 30 = 30
NAME 3082 MARINE ENG DES PROJECT 0.0 ¢+ 30 - 30
HAME 3093 SPECIAL PROGS IN NAVAL ARCH 0.0 + 190 s 10
MNAME 3098 SPECIAL PROBS IN MARINE ENG 0.0 + 10 = 10
NAME 3094 SPECIAL PROES IN MARINE ENG 0.0 + 10 e 10
NAME 3120 OFFSHORE STRUCT &
SHIP STRENGTH 18 ¢+ 18 « 30
NAME 3130 MARINE ENG | POWER SYSTEMS) 20 + 10 « 30
MNAME 31460 COMPUTERS N NAVAL ARCH 10 + 00 s 10
NAME 3180 SHIP RESISTAMCE & PROPULSION 18 ¢+ 18 e« 30
RAME 3180 STRUCTURE &
P 28 + 1.8 = 40
HAME 3900 SENIOR HONOR THESIS 0.0 ¢+ 30 - 30
NAME 4058 SPECIAL TOPICS IN HAVAL ARCH 20 ¢+ 10 - 30
NAME 4097 SPECIAL TORICS IN MARSE ENG 0.0 ¢+ 30 - 30
NAME 4120 SHIP STRUCTURAL ANALYSSS & DES 2.0 . 1.0 - 30
NAME 4130 MARINE 0.0 ¢+ 30 = 30
NAME 4131 RELIABILITY, AVARABILITY & MAINT
OF ENG SYSTEMS 0.0 + 0 = 30
RAME 4138 INTRO TO COMPUTATIONAL ALLID
OYNAMICS AND HEAT TRANSFER 0.0 + 30 = 30
RAME 4149 CURVED SURFACE DESIGN 0.0 + 30 « 30
MAME 4142 SOLID MODELING 0.0 + 30 s 30
NAME 4160 OFFSHORE STRUCTURES &
SHIP DESIGN 0.0 + 30 = 30
MAME 4181 SMALL CRAFT DESIGN 0.0 + 30 =« 30
MAME 4188 OFF SHORE STRUCTURES &
SHEP DES PAOJECT 0.0 + 30 = 30
NAME 4160 SHIP HYDROOYNAMICS § 1.0 * 2.0 - 30
NAME 4182 OFF SHORE STRUCTURES &
SHIP DYNAMICS § 0.0 + 3.0 s 30
NAME 4171 ADMIRALTY LAW FOR ENGINEERS 20 + 0.0 - 20
RAME 4181 MATERALS FOR MARINE DESIGN 1.0 + 20 = 30

FIGURE 3. THE UNIVERSITY OF NEW ORLEANS CURRICULUM (EXCERPTS FROM
THE COLLEGE OF ENGINEERING 1994-95 "INFORMATION BULLETIN")
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Memorial University of Newfoundland

The undergraduate program at Memorial reflects the fact that high school
graduates in Canada have advanced further than is generally true in the United
States and therefore their curriculum need not include for example such courses as
composition and general chemistry and physics in the first year, nor the electives in
the humanities and social sciences scattered throughout the curriculum that are
required in the U.S. The graduates of this program are thus nearly but not quite fully
equivalent in educational breadth and professional preparation to those receiving
master's degrees at most of the other schools being described here. They can
specialize to some extent in selecting technical electives in the last two terms, as
shown in the chart in Figure 4, concentrating perhaps in production management
rather than entirely in the design of ships or platforms or even submersibles. The
professional content of what must still be termed an undergraduate curriculum is
perhaps stronger and more varied than that offered by any of the schools in the U.S.

The University of California - Berkeley

The current undergraduate curricula in naval architecture at Berkeley is shown
in Figure 5. It will evidently be changed somewhat as the program soon becomes
established as another regular option in ocean engineering in the Mechanical
Engineering Department, but the ocean engineering courses will then still be given by
the faculty in the present Naval Architecture and Offshore Engineering Department.
It would perhaps be more meaningful to include here the curriculum as it was several
years ago at Berkeley — and maybe at all of the other schools, since graduates that
completed those curricula are the ones now among the practicing naval architects in
the marine industry — but this project is intended only to evaluate education in
marine structures as it exists now and to make recommendations that could be
carried out only in the future. That curriculum at Berkeley was not too different from
that shown in the figure and also then included fewer professional courses than those

at Webb or Michigan or New Orleans.

United States Coast Guard Academy

At the Coast Guard Academy the major of interest is accredited as in naval
architecture and marine engineering combined, as noted above has been the case
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CHART OF THE UNDERGRADUATE

Technical Bloctives
ENGINEERING CORE PROGRAM
? [ ]
1 ’ 7021 $006
PRROPUL'N, FLOATING
EFFICIENCY OCN. STRUC.
X3 cs. DESIGN
7923 8048
1312 2208 STRESS MAINTENANCE
MECH. 1 CHEM. & PHY. ANALYSIS ENGR, SYS.
F ENG. MAT. |
OF ENG. MA 7924 8058
1333 2312 AUTOMATIC SUBMERSIBLES
BASIC ELEC. MECH. 1 CONTROL DESIGN
CONC. CIRC. 7033 2062
HYDROELASTICITY MARINE
1404 4
UN. ALG. STRUGT. & CONTROL OF | PRODUCTION
PROGRAMM. OCEAN VEHICLES | MANAGEMENT
2068
1412 24
INTERMED. PROB. & .:A“;ig:::t':&
CALCULUS STATISTICS  —
1502 2502
ENGIN. ENGIN.
DESIGN ] DESIGN I
100W
SOFTWARE
APPL.
s CHART OF THE NAVAL ARCHITECTURAL ENGINEERING CURRICULUM
3 4 s s ?
3102 4102 8101
KVAT ENGINEERING cs. ASSESS, OF T.E
ECONOMICS TECHNOLOGY
3208 4312 8312 8041
CHEM & PHY. MECHANICS MECHANICS MARINE T.e.
OF ENG. MAT. 1t SOLIDS | SOLIDS # ENG. 8YS. |
a2 a0 4242 €002 7002 8000
MECHANICAL THERMO- FLUIOS | SHIP HULL SHIP STA, N.A.E. PROJECT
" DYNAMICS | STRENGTM DESIGN
3411 4422 $432 8032 7031 8014
APPL. DIFF. NUMERICAL ADVANCED SHIP HULL SHIP MARINE
EQUATIONS METHOOS CALCULUS VIBRATIONS OYNAMICS | HYOROOYNAMICS
3840 922 5011 12 7048 9022
ELECTAMCH MECHANICAL RESTNCE PHYSICAL MARINE DEsIGN
CONVRSN OESIGN & PROPN | METALLURGY | eNG sYS o OPTIMIZATION
3082 w1 5001 6883 7081 2084
SHIP SHIP SHIP PROON ELECT. FOR SHIP ADVANCED
OESIGN | STATICS MGMT NON E.¢, DESIGN N | MARINE VEHICLES

NOTE: A workshop oouree (290W) Is held en eampus priod 1o the atert of the Bprng Semester

FIGURE 4. THE MEMORIAL UNIVERSITY OF NEWFOUNDLAND PROGRAM

(REPRODUCED FROM THE FACULTY OF ENGINEERING AND APPLIED
SCIENCE 1994-95 "CALENDAR")
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Program in Naval Architecture” 7120 Units

Effective fall 1994, admission o the undergraduate Naval Architecture
degree program was closed. Contact the Student Affairs Office for
more information. Students admitied before fall 1994 should complete

the following program.

Freshman Year Fall  Spring
Math 1A, 1B, Calculus 4 4
Chemistry 1A, General Chemistry 4 -
Physics 7A, Physics for Scientists and Engineers - 4
Engin 28, Engineering Graphics 3

Nav Arch 10, Ship Systems (recommended, not

required) - 3l
*Electives 4

Total 18 18
Sophomore Year

Math SOA, 5OB, Differential Equations, Linear

Algebdra, Multivariable Calculus 4
Physics 7B, 7C, Physics for Scientists and Engineers 4 4
Engin 36, Engincering Mechanics | - 2
Engin 45, Propertics of Materials 3 -
Engin 77, Problem Solving Using Computers

{FORTRAN] . 3
*Electives - 6
Total 4 16
Junior Year

Mex Eng 104, Enginecring Mechanics Il 3 .
Mec Eng 106, Fluid Mechanics - 3
Mec Eng 105, Thermodynamics - 4
Civ Eng 130, Mechanics of Materials - 3
Nav Arch 151, Statics of Naval Architecture 4 -
Mec Eng 133, Mechanical Vibrations - 3
Stat 25, Introduction to Probability and Statistics for

Engineers 3 -
EECS 100, Electronic Techniques for Engineers 4 -
*Electives - 3
Total 14 16
Senior Year

Nav Arch 152A, 152B, Ship Dynamics 3 3
Mec Eng 107A, Experimentation and Mcasurement 3
Nav Arch 154, Ship Structures 3 -
Nav Asch 155A. 155B. Ship Design 4 4
Civ Eng 167. Engineering Project Management - 3
*Electives 3 4
Total 16 14

*Electives must include six courses of af least 3 units each in the humantics and social
studies selected from an appeos ed list of courses. Of these a1 Jeast one course must be 2
composition course taken from the current approved hist of courses Sce List E of the
Humanities and Social Studics ~ection on page 9 One course must i selected from Mec
Eng 161. 163. or Civ Eng 12N

FIGURE 5. THE UNIVERSITY OF CALIFORNIA - BERKELEY PROGRAM
(REPRODUCED FROM THE FACULTY OF ENGINEERING 1995-96

"ANNOUNCEMENT)
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at several of the other schools, but only four program-defining courses are required.
And though all of the topics that are covered in the other programs are dealt with to
some extent in the first two courses, their treatment just cannot be as thorough or as
at several of the other schools, but only four program-defining courses are required.
And though all of the topics that are covered in the other programs are dealt with to
some extent in the first two courses, their treatment just cannot be as thorough or as
deep. The curriculum, shown in Figure 6, culminates in a principles of design course
and the capstone one entitled Ship Design/System Integration that does view the ship
as a system and presumably does "integrate" economics and construction and other
considerations with design decisions much as implied in the currently comprehensive
and fashionable approach entitled concurrent ship design. The marine engineering
content of the program is for the most part included in courses offered by the
mechanical engineering staff of the Engineering Department.

United States Naval Academy

The two Naval Academy majors of greater interest to this study are those in
naval architecture and in ocean engineering, that in marine engineering seemingly
being less total ship or offshore platform focused and more representative of the
distinct marine engineering options that once existed at several of the other schools.
The ocean engineering majors must complete a series of courses, given in Figure 7,
that comprehensively treat ocean systems as engineering systems and the emphasis
is not as much on physical oceanographic processes and experimentation as is
characteristic of some other ocean engineering curricula. Those students majoring in
naval architecture complete a curriculum, also shown in Figure 7, not unlike those at
Webb, Michigan, New Orleans, and Memorial in structure and sequence, and in
content. They are also offered a wide array of technical electives, including for
example one devoted to the naval architectural aspects of submarine design and
another covering such advanced marine vehicles as hydrofoils and submersibles and
ground-effect machines. The analysis and design of foils (i.e., hydrofoils) is dealt with
in a course that treats marine propellers as well, using lifting line and lifting surface
theories. A course entitled Advanced Methods in Ship Design and another called
Analytical Applications in Ship Design and other electives clearly establish that even
though the program at Annapolis is obviously only for undergraduates it does not
suffer in comparison with the undergraduate programs at other schools where the
existence of a graduate/research program and utilizing the same faculty in both
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FALL SEMESTER

FOURTH CLASS YEAR

0%01
2111
311
5102
7102
8111

e )

Academic Orientation
English Comp and Speech
Calculus |

Chemistry |

Found of Computer Sci
Organizational Behavior
Physical Education

THIRD CLASS YEAR

1202
2293
nun
5262
6214
8201

Statics

Morals and Ethics
Multivariable Calculus
Physics1

Nautical Science Il
Leadership |
Physical Education

SECOND CLASS YEAR

1211
1220

1340
1351
6316

Dynamics

Electric Circuits and
Machines

Fluid Mechanics
Thermodynamics
Nautical Science Il
Physical Education

FIRST CLASS YEAR

1442
1453
2391
5330

FIGURE 6. THE SCHEDULE OF CLASSES AT THE U.S. COAST GUARD ACADEMY

Principles of Ship Design
Ship Propulsion Design
Legal Systems
Oceanography

Major Area Elective
Physical Education

SPRING SEMESTER

0903
112
2123
317
5106
6112

1204
1206
241
3218
5266
8203

1342
1353
1459
2263
M1s

1444
2493
6418
8311

Academic Orientation
Intro to Engr and Design
Intro to Literature
Calculus I

Chemistry 11

Nautical Science |
Physical Education

Enginecering Materials Sci
Strength of Materials
History of the U. S.
Differential Equations
Physics Il

Leadership I

Physical Education

Princ of Naval Architecture
Thermal Systems Design
Heat Transfer

American Government
Adv Engineering Math
Physical Education

Ship Design/System Integ
Maritime Law Enforcement
Nautical Science IV
Economics

Free Elective

Physical Education

(REPRODUCED FROM THE 1994-95 "CATALOGUE OF COURSES")
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Naval Architecture Major

Curricubum Requirements (I sddition 10 the requirements of )
Professiosal NLX2, NUI2, NTAOONN20O, NS310, NS40X; plcbe e
Mathematics: SM212, SM221;
Science SP711, 212
Humanities: HH205, HH206 plus two electives;
EE331, EEXRQ, EM211, EMQ17, EM2X2, EMD1S, END19, ESI00, ES410;
Major: EN24S, ENJA2, ENIS3, EN3SS, ENI80, EN{SS, ENATY, ENON, plus two major electives; one

free elective.

REQUIRED COURSES: ELECTIVE COURSES:

tems Engineering

e ot otonds Analylicol Appications in Shp Design
Thermodynamics Advanced Ship Struchures
Naval Materials Science ond Advanced Methods in Ship Design
Engineering Hydrofod ond Propeder Design
Ship Hydr ics and Stobiity Advanced Mar .
Resistance ond Proputsion gtbmcme Deesqr Analyss
Ship Stmc:'ugsmd ; hm: Research Projects
Ship Design 1 & 8

Ocean Engineering Major

Curriculum Requirements (In addition to the requirements of plebe year)
Professional: NL202, NL302NL400, NN200, NS310, NS40X;
Mathematics: SM212, SM221;

Science: SP21. SP21% ELECTIVE COURSES:
REQUIRED COURSES: Mt tor Aided Enci ond
Ocean Systems E Design
Srongh At o e
s siiieg Underwater Work Systerms
E\Ihvm' 'ee',bnm to Oceonography Design of Foundations for Oceon
210 O Sruchures
Qoean Engineering Siruchures Undersea Power Systerms

Ocean € Mechonics Design of Aoating Piatforms
Ocemsvsiemsiwhooe‘bﬁ'“ Env‘lom?:entol Engneenng in the Oceans
independent Research Projects

Marine Engineering Major

Curricalum Requirements (In addition 1o the requirements of
Mmmmm,\m.hgzﬁm plebe yesn
Mathematics: SM212, SM221, SM31Y;
Sdence: SP211, SPN2;
Humanitiess HH205, HH206 and two electives;
ing: EEJ31, EE332, EM211, EM217, EM232, EM319, EM324, ES300, ES410;
Major: EN245, ENJ61, EN362, EN380, EN 443, EN460, EN463, EN467, plus two major electives; one

free elective.
ELEC OQURSES:
REQUIRED COURSES: ™ecC s
Resist Propussion
Ocean Systerms Engineering 5:;5 %‘m
Streng of Materiols Undersea Power Systems
Ther X Computer Methods in Nucieor
E""V.d Materid Science and Nuclear Energy Conversion
| .
E‘ QNeeng " . ndependent Research Projects
Morine Power Systerms
g\eegcn;d Phyuc: ! .&
o
Marine Engineering Design 1 & Il

FIGURE 7. PROGRAM AT THE U.S. NAVAL ACADEMY (REPRODUCED FROM THE
1993-94 "CATALOG" AND A NAOME DEPARTMENT PAMPHLET)
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preparing undergraduate courses and teaching them concurrently with their efforts
on behalf of the graduate/research program often has some benefit in attaining and
maintaining a somewhat higher level of quality and treatment than would otherwise

be possible.

Virginia Polytechnic Institute and State University

At Virginia Tech the program designated as being in ocean engineering, shown in
Figure 8, does concentrate more on the engineering aspects of marine vehicles and
marine structures than on the ocean environment and such physical processes as
estuary hydrodynamics and sediment transport, although the students are required
to complete a course in physical oceanography offered by the Geological Sciences
Department. Enough traditional naval architectural considerations are included in
the undergraduate curriculum generally and in several courses specifically to suggest
that graduates of this program should indeed be as well prepared for practicing
professionally in the same areas of the marine industry as are those from programs
advanced as being for those interested in becoming naval architects. Marine design is
treated as a process based on many the same considerations that would be involved if
the system of concern were for operation in the atmosphere or in space; and many of
the prerequisite analysis courses in for example dynamics and structures, that must
be completed before the capstone design course in the fourth year, present the
material in such a basic manner that it is more universally applicable even though

the particular applications are in just aerospace or ocean engineering.

Massachusetts Institute of Technology

The MIT bachelor's degree program in ocean engineering known as Course XIII
is defined in Figure 9, but the format shown as it is presented in their bulletin does not
include a representative or suggested schedule of the courses to be taken each term
(as given for the other schools) and hence the sequential structure can only be
envisioned by combining the courses in the subjects included as General Institute
Requirements with those 11 courses listed for this specific program plus some
number of approved elective courses — restricted and unrestricted. It is apparent,
however, that individual students can with faculty guidance fashion a program that
could be somewhat more specialized than is the situation at any of the other schools
considering the very large number of courses offered by the Ocean Engineering and
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First Year Ocean Engineering Program

First year students are admitted in General Engincering, the ;ECO:D YEAR
common freshman engineering program for engincemg w3t Semester '
curricula. This program provides time for the students to adjust 5::‘ ?gg: -' m:‘bz ?dmblc Bodies ; g;
to the college and to select the branch of engineering in wl}i}:h Phys 217 . Physics 3 o
they are most interested. At the ef\d of the year—after add!uonul ISE 2014 Enginecring 2 P
counseling, contacts with the various departments, and s.nllsf.c- ESM 3074: MWE"'MM’“"’ 3 o)
tory progress—students make a selection and, if academically Coxe clective * a
cligible, are transferred to the curriculum of their choice. Credits n
Second Semester
ESM 2304: Dynamics 3 fs))
%LYMESA#R’ Math 2214: Differential Eqs. 3 Q)
Chem 1035: General Chemistry 3 Q) Phys 2176: hyfia 1] 3 o)
Chem 1045: General Chemistry Lab 2 ) EEMBemedThwy ) 3 Q)
EF 1005: Introduction %o Engineering 3 @) AOE 3204.: Ship Hydromechanics 3 o)
Engl 110S: Freshman English ]l 3) Core clective ()
Math 1205: Calculus | ; 8; Credits s
Math 1114; Lincar Algebra
Elective Q) THIRD YEAR
() First S;om“ , "
mester AOE: 3014 Acro/Hydrodynamics
gz:1g&0maiCMmmw I AOE: 3024 Thin Walled Structures I 0
Chiem 1046 General Chemistry Lab 2 m AOE: 3034 Vibration and Cootrod 30
EF 1006: Introduction to Engineering 3 3) N&JINW 3 o)
ESM 1004: Statics 3 Q) Math: 4564 Openbond Methods 3 o)
Engl 1106: Freshman English 3 3) Geol: 4104 Physical Oceanography 3 ()]
Math 1206: Calculus | ; g; Socond Semesk Credits ']
4: Vectoe r
Muh 122 Geometn Credits (18) AQOE 3054: Instrumentation and Lab 4 (03]
AOE 3214: Fundamentals of Ocean Engineering 3 3)
AOE 3224: Ocean Structures 3 (¢))
AOE 3234: Ship Dynamics 3 0
AOE 4244: Marine Engincering 3 (k)
Math Elcctive 3I@
Credits an
FOURTH YEAR
First Semester
AOE 3044: Boundary Layer and Heat Transfer 3 (3]
AOE 4065: Design [ o)
AOE 4114: Wave Mechanics 3 o)
AOE 4254: Ocean Engineering Lab 3 )
Technical Elective Q)
Core clective 3 Q)
Credits (16)
Second Semesier
AOE 4066: Design 5 3)
Technical Electives )
Core elective ¢ Q)
Free Electives and/or core area 7 ()]
Credis  (15)

¢ Al students must take 6 credits cach from Arcas 2 and 3 of the
University Core Curriculum. The College of Engineering requires
that 6 of these 12 credits be at or above the 2000 level and 6 must
be in a single discipline. Students graduating in 1998 or later must
also satisfy Arca 7 or the Core. Some Arcs 7 courses may
simultancously satisfy Core Area 2 or 3 or other elective needs.

FIGURE 8. THE PROGRAM AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE
UNIVERSITY (REPRODUCED FROM THE 1994-95 "UNDERGRADUATE
COURSE CATALOG AND ACADEMIC POLICIES")
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Bachelor of Sclence In Ocean Engineering
Course Xill

CLASS OF 1697 or later. See Notes on Course YO below

Gecrecal inatiute Requirements (OIRs) Subjecte
Sclencs Roquirement [ 4
Humanites, Arts, and Soctal Sciences Raquirement! [ ]

mm«hmwwm
201,607, MWN uoso«umnuw
Program]

Laboratory Requirement (can be satisfied by 13.017
and 13.018 In the Departmental Program]

Total QIR Subjects Required for 8.8, Degree 7
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Departnental Program

Wmmnbw credt units and by

prerequisies I any [corequisites in
Required Subjects?
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13.010  introduction 1o Ocsan Science and Technology,
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Marine Structures and Matedas, 12 201, 18.03
Dynamics, 12 2.01, 202, 10.03¢

WWH\MWI!

1%

13.012

201
13.014
13018
13.018

13018  Introduction 1o Geometric Modefing and
Computation. 12, REST. $.01. 18.02

0.071 sgm and instrumentation, 12, REST. 18.01,

13.017 m of Ocean Systems | 12, LAB; 201, 13.016,
13.010  Design of Ocean Systems L 12, LAB; 6.071,
13.017
Restricted Blectives o

mwmuwdummmma

Undergraduate
12 unlts of an INGMAGN E38&rCh OF Gesign project.

Departmental Program tnits that alec satisly the GiRe  (34)

Urwestricted Blectives 4

Total UnRts Beyond the GIRs Required for §.8. Degree 198
mumwuwwnn of the 17-subject GiRs
ad as pant of the mmcm va
In the student’s deparimental program wi

one of the other. St not bofi.

%

Notes et Course JON

CLASS OF 1907 or later. The Science Requiremsnt InCredess 10
abx subjects With the addion of Biciogy a8 & GIR, and the REST
Requirement Gecre1e4 from Free subjects 10 wo, keeping the
otsl numbder of GiRs conetant at 17,

'um«mm strongly suggested i
he Humanbies, Ats, and %W

maubbahnwd- ics and agement b

not Inciuded In the slecthve program.

Mmmudean\mm
which 560ve &8 pracequishes for athee deparimental core

subjects before continuing In The departmental program.
*ARSNASS prerequisites are fsted In the subject deecription.

¢¢Tha REST Requiremant wes lormecly calied the Sclence
Distrioution Requirement. See Chapter Bl for Rurther detals on
ummmmw

Bachelor of Sclence In Ocean Ineering
Course XIil-C Eng

Course XIiI-C ie an Engineering Intemship
that enables students o combine
e?:bmmmmmc

work, while at the same me providing for part

of thelr educational . The four-yesr
Ebadabu :t'?:leruln

AP oy g oy et
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Science conculT with the Master of Sclence
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FIGURE 9. THE PROGRAM AT THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY
(REPRODUCED FROM THE 1993-94 "BULLETIN, COURSES AND DEGREE

PROGRAMS ISSUE")
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the other departments at MIT, even though many of these would not normally be
open to undergraduates. It should be noted that the required program courses include
one entitled Fluid Mechanics for Ocean Engineers and another named Introduction to
Geometric Modeling and Computations that are among those offered by the Ocean
Engineering Department and by its faculty members, even though the general topics
are obviously of interest to the programs in other engineering disciplines. The luxury
of a larger faculty at MIT and elsewhere evidently permits such tailoring of the
presentation of basic material to the needs of a single program, and the benefit
derived is obvious. It should also be noted that the solid mechanics course required is
that offered by the Mechanical Engineering Department, however, as is that in
electronics and instrumentation, much as they are at other schools. The "units"
assigned to each course are the total of the number of hours of lecture or recitation,
the number for laboratory or field work, and for preparation, one unit normally
representing fourteen total hours of work for the term. The Design of Ocean Systems
I and II courses are thus three plus four plus five and one plus four plus seven,
respectively, and are similar to the capstone design sequence in most other programs
of interest here in that the design process is taught in the first but in the second, at
MIT, the student design projects are not usually ships or platform but smaller
systems (such as experimental apparatus) and are often actually constructed and

operated.

Texas A&M University

While the undergraduate curriculum in ocean engineering at Texas A&M is
representative of those programs designated as in ocean engineering elsewhere,
including as it does courses in wave mechanics and other aspects of physical
oceanography along with those in basic coastal engineering and even hydroacoustics,
it also includes the mathematics and mechanics and the other engineering science
subjects that are included in the early years in naval architecture and/or marine
engineering curricula or those of aerospace or civil or mechanical engineering. It is
shown in Figure 10. Perhaps because of the close relationship with civil engineering
there and the basic structures courses required for that discipline, however, ocean
platforms of various types are the focus of several individual courses and the one
entitled Dynamics of Offshore Structures introduces loading prediction and the
concepts of linear structural dynamics as well as dealing with mooring and towing
analyses for example. The Basic Coastal Engineering course, OCEN 400, deals with
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Undergraduate Degree Program
B.S. in Ocean Engineering

Freshman Year
First Semester
CHEM 102 Fund. of Chem 113
CHENM 112 Fund. of Chem Lab I3
ENDG 105 Engincering Graphics
ENGL 104 Comp. & Rhetoric
MATH 151 Engr. Mathematics I3
Directed elective?
Military, air or naval science*
PHED 199

Second Semester

ENGR 109 Engineering Prob.
Solving & Computing

MATH 161 Engincering Math 11

PHYS 218 Mechanics

Directed elective?!

Military, air or naval science ¢

PHED 199

Sophomore Year
First Semester
MATH 251 Engr. Math IIl
MEEN 212 Engr. Mech. |
OCNG 401 Intro. to Oceanography
PHY'S 208 Electricity & Optics
Directed elective?
Military, air or naval science$
PHED 199

(2]
-‘l
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Second Semester

CVEN 205 Engr. Mech. of Mils.
MATH 308 Differential Equations
MEEN 213 Engineering Mech. 11
OCEN 201 Intro. to Ocean Engr.
Directed electives!

Military, air or naval science
PHED 199

Junior Year
First Semester
CVEN 311 Fluid Dynamics
CVEN 336 Fluid Dyn. Lab
CVEN 345 Theory of Structures
GEOL 320 Geol. for Civil Engrs.
MEEN 327 Thermodynamics
Directed electivet

Second Semester

CVEN 302 Comp.Appl.in Engr.& Con.
CVEN 365 Geotechnical Engr.

ENGL 301 Technical Writing

OCEN 462 Hydromechanics

OCNG 410 Intro. to Phys. Ocn.

OCEN 300 Ocean Engr. Wave Mech.

Senior Year
First Semester
ELEN 306 Elec. Circuits & Instrum,
OCEN 301 Dyn. of Offshore Structures
OCEN 400 Basic Coastal Engr.
OCEN 401 Underwater Acoustics for
Ocean Engincers
OCEN 481 Seminar
Technical elective?

Second Semester

CVEN 321 Materials Engr.
OCEN 407 Des. of O.E. Facilities
OCEN 410 Ocean Engr. Lab.
Directed elective!

Technical electives?
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FIGURE 10. THE PROGRAM AT TEXAS A&M UNIVERSITY (REPRODUCED FROM AN
UNDATED BOOKLET "OCEAN ENGINEERING AT TEXAS A&M

UNIVERSITY")
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such usual coastal engineering topics as seawalls and breakwaters but also is
concerned with offshore pipelines and dredging and control of oil spills — topics included
in what are designated as elective ocean engineering courses at only several of the
other schools. There is a single course entitled Principles of Naval Architecture
available as an elective, and the content is much like the introductory courses at the
other schools but does seem to be the only one dealing specifically with ships.

Florida Atlantic University

The other two ocean engineering undergraduate programs, at Florida Tech and
Florida Atlantic, are reasonably similar to that at Texas A&M as comparison of
Figures 11 and 12 with Figure 10 will demonstrate, but Figure 11 shows that the
curriculum at Florida Atlantic does allow for specialization in any of the five areas of
concentration by means of four technical electives. This is an arrangement common
in many undergraduate civil engineering programs, one of the areas always being in
structures, another almost always in materials, and the rest varying with the
different schools but more and more including recently one named environmental
engineering. It should be noted that the area in fluids (parallel to one often found in
civil engineering named hydraulics or hydrological engineering) at Florida Atlantic
includes two courses called Ship Hydrodynamics I and II, and these and several of the
structures courses do indeed include considerations of ships and offshore platforms as
well as submarines and submersibles. The basic mechanics courses - in statics,
strength of materials, dynamics, and fluid mechanics — and those in engineering
materials and thermodynamics, the basic engineering science courses required in all
undergraduate programs in the mechanics-based disciplines, are offered by
Department of Ocean Engineering at Florida Atlantic and hence can presumably
include some ocean engineering applications. The undergraduate enrollment is
evidently large enough to permit this, and the benefits are obvious. Note also in
considering Figure 11 that at Florida Atlantic the fall and spring terms are regular
semesters but the summer term is only about six weeks in length.

Florida Institute of Technology

Florida Tech's undergraduate program is in some ways less comprehensive than
that at Texas A&M and Florida Atlantic, but with a somewhat smaller faculty and
somewhat fewer students the basic engineering science courses, for example, are with
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. F Third Torm
mwmummm-w MW‘ Eoc 3123 3
Mstorisls €0C 3200 3
Firet Fall Teem Acoustics EOC 3308 3
College Wiiting | (Gordon Rule)  ENC 1101 3 Technical Electve 1 J
General Chermistry | CHM 2048 s subtotal
Genoral Chemistry | Lab CHM 2045L 1
Calcuus | (Gordon Rule) MAC 3311 4 Third Summer Term
Reason and Vaiue (GR) PHI 1030 3 World Geography GEA 2000 3
Introduction 1o Ocean Technical Elective 2 3
Engineering EOC 000 1 MiCro8conomics ECO 2023 3
subtotal 18 subltotal L
First Spring Torm Fourth Fak Tem
General Physics | PHY 3040 4 Phys. Oceanography & Wave
Genersl Physics | Lab PHY 3040L 1 Mechanics EOC 4422 3
Calculus Il (Gordon Rule) MAC 3312 ‘4 Ocean Engineering Systems
Coflege Wiiting I (Gordon Rule)  ENC 1102 3 Design EOC 4804 3
PASCAL COP 2210 ] Digital Blectronics EEL 3341 3
subtotal 18 Technical Elective 3 3
subtotal 12
First Summer Torm
Macroeconomics ECO 2013 3 Fourth Speing Torm
Statics £0C 3108 3 Ocean Thermal Systems EOC 4183 3
Fine Arts ARH 2000, or Design Project EOC 4804L 3
MUL 2010, or Technical Elective 4 Data 3
THE 3000 3 Ocean & Environmental
subtotal Ansiysis £0C 4831 3
' subtotal 12
Second Fall Term TOTAL 1%
Engineering Ethics PHI 000X 3
Caiculus N MAC 3313 4 Compiete at least four fechnical electives, threo of
General Physics § PHY 3041 4 which must be from a single area of speciaiizstion as
General Physics R Lad PHY 3041L 1 indicated in the following:
CORE course...
History of Civiization (GR) WOH 2012 3 FLUI0S
subtotal 18 Ship Hydrodynemics | EOC 4503
Ship Hydrodynamics U EOC 4510
Second Spring Term Underwsier Sound Prop. EOC 4308C
Dynamics EOC 3113 3 Erw. Eng. & Aquatic Poliution OCC 4060
Strength of Materisls EOC 3150 3
Math | MAP 3305 3 MATERIALS
General Chemistry CHM 2048 3 Batlories and Fuel Colls EOC 4202
General Chemistry § Lab CHM 2046L 1 Marine Materisis & Corrosion EOC 4204C
subtotal 193 Advanced Engineering Materials EOC 4201C
Ocean Structures EOC 4410C
Second Summer Term
Enginesring Math il MAP 4308 3 ENVIRONMENTAL ENGINEERING
Engineecing Graphics EGS 1111 3 Env. Eng & Aquatic Poliution OCC 4000
Network Analysis and Electrical Marine Geotechnique EOC 4220
Machines EEL 3004 3 Vibration, Shock, & Noise Con. EOC 4115C
subtotal 9 Ship Hydrodynamics | EOC 4503
Third Fall Term ACOUSTICS AND SIGNAL PROCESSING
Thenmodynamics EML 3141 3 Underwater Sound Prop. EOC 4308C
Marine Geochemistry OCG 3001 3 Vibrstion, Shock, & Noise Con. EOC 4115C
Vibrstions EOC 3114 3 ! EOC 4503
Numericsl Meth. or MAD 3400 or 3 Env. Eng. & Aquatic Pollution OCC 4080
Probability & Statistics STA 4032 3
Analog Electronics EEL 3003 3 STRUCTURES
subtotal 18 Marine Geotechnique EOC 4220
Ocean Structures EOC 4410C

Design of Marine Steel Struct. EOC 4414
Design of Marine Concrete Str. EOC 4415

FIGURE 11. THE CURRICULUM AT FLORIDA ATLANTIC UNIVERSITY (REPRODUCED
FROM THE 1994-95 "UNDERGRADUATE CATALOG")
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m IEQUIIBIE(I'S summer
Candidases for 3 Bachedor of Science in Ocean Engincering OCE 4911 Marine Field Project ..o

roust complete the minimum course requirements outlined in OCE 4912 Marine Field m;
the foSowing curriculum. Deviation from the recommended OCE 4913 Marine Field Project ..o 3
program may be made only with the approval of the student's -6
facuky advisar and the concurrence of the department head.
For definition of electives for engineering programs, see the Fall Year
Undergraduate Information and Regulations section of ts CVE 3015 Stuctural Analysis and Desgn ... . 3
caualog. OCE 4525 Coastal Engincering Structure .......................... 3
Presbman Year OCE 4545 HydroaCOoustics ............coocomerminmnninnisesseennes 3
Fall Credits OCE xxxx Restricted Elective (Ocean Engincering) ................ 3
BUS 1301 Basic ECONOMUCS® ...........orvuerrersasscessnsesmsessssmssssns 3 Humanities Blective ..., 3
CHM 1101 General Chemisiry 1 .......veeeiicnecnniisiniassssssssssnns 4 T
OOM 1101 Composition and RAELOCIC .....cc...eermecenncersrmismecie 3 Spring
MTH 1001 CaloUus 1 ..o voooceceenenesevessssssssasasssssnssssssssssreen 4 CVE 4000 Engineering Economy and Planning....................... 3
OCN 1001 Oceanography and Enviroamental Systems .......... 3 OCE 4518 Protection of Marine Materials ............................. 3
Y/ OCE 4542 Ocean Engincering Systerns Design....................... 3
Humanities or Social Sauteﬂecﬁve ................... 3
COM 1102 Writing 2bout LKETature .............cccummeeereesmsesmenees 3 Technical Bective .............cooommeunerinvicnnnnoneen 3
MTH 1002 Cakulus 2 ....... . 4 13
OCE 1001 Introduction to Ocean Engineering ......... ... 3 TOTAL CREDITS REQUIRED 135
PHY 1001 Physics | 1 4
PHY 2091 PhysisLab 1 oo _;
1
“Or Social Sclence Elective
Sopbomore Year
Fall Credies
HUM 2051 Civilization 1 ................ 3
MAE 2081 SHIBCS .....ccococonieccnienrnriansasaarasesssssssssanacs 3
MTH 2001 Calculus 3 ....orreriinienenns ]
PHY 2002 PHYSICS 2 ccocerroeeococenrrecnarenenssrrenenn ‘
PHY 2092 PhySiS Lab 2 ..o.ooooovvorneevneeeeenrresecnenenescsssssmsamnnn 1
CSE xxxx Restricted Elective (Computer Science) ... _3
1
Speing
HUM 2052 Qvilizatioa 2 3
MAE 2082 Dyramics ....... 3
MAE 3082 Deformable Solids 3
MTH 2201 Dnll'ermual Equations and Linear Algebna ............. 4
1
Junior Year
Fall Credits
COOM 2223 Sdentific and Technical Communication ............... 3
OCE 3010 Engincering Materials .............cccooomomrrerceremmmsinenn 4
OCE 3030 Fhud Mechanics ..o 3
OCE 3033 Fluid Mechanics Lab ... 1
OCN 3401 Physical Oceanography .3
=
Spring
BCE 4991 Bectrical Circurt 3
MAE 3191 Engincering Thermodymamics 1 ... ... 3
OCE 3521 Hydromechanics and Waves 3
OCE 3522 Water Wave Lab ... e
OCE 4541 Ocean Engineering Design ... SRR
OCE 4571 Fundamenuls of Naval Archnedune .................... 3
1%

FIGURE 12. THE PROGRAM AT THE FLORIDA INSTITUTE OF TECHNOLOGY
(REPRODUCED FROM THE 1993-94 "UNIVERSITY CATALOG")




the exception of fluid mechanics offered by and taught by faculty from other
departments. There is a required course in Fundamentals of Naval Architecture,
however, and elective courses in preliminary ship design and another devoted to the
design of high-speed small craft that are available for undergraduates. But, despite
quite a number of graduate courses also devoted to various aspects of ships and
platforms, the bachelor's degree graduates are probably not usually as well prepared
to practice naval architecture as graduates from one or two of the other programs
that are presented as being in ocean engineering. For the most part those who have
created these programs do not now nor did they ever see them as variations of the
existing programs in naval architecture and/or marine engineering, with their
graduates also being educated for careers at say ship design firms or shipyards, but
the presence of naval architects among the faculty members for all of these
programs and the fact that a platform of some sort is essential in almost any
conceivable ocean system has led to material concerning or common to naval
architecture being included in their curricula. Similarly, many aspects of ocean
engineering beyond those that relate to the design of floating platforms and other
offshore systems are now included in the courses offered at the schools and in the
units that have housed the traditional naval architecture and/or naval architecture

and marine engineering programs.

Graduate Programs

Graduate programs in the U.S. and Canada in naval architecture and/or naval
architecture and marine engineering or in ocean engineering are not as amenable to
fixed or even reliable description as have been the undergraduate programs.
Curricula are not usually published in terms of listings of required courses and almost
never in suggested sequential term requirements. Further, several levels and types of
degrees are available: master's degrees in engineering, master of science and master
of science in engineering degrees, what are termed professional degrees leading to the
titles of Naval Architect or Ocean Engineer or Naval Engineer (and Marine Engineer
as well, a matter of no great interest in this report), and doctoral degrees of
engineering and of philosophy. Some schools have programs leading to combined
bachelor's and master's degrees as a single integrated curriculum, and there is a
continuing trend that seeks to establish the master's degree rather than the
bachelor's degree as the true measure by which a graduate might rightfully deem
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himself or herself an engineer professionally qualified to enter practice utilizing
today's high technology procedures and well aware of the vast increase in knowledge
and capability that can now be applied in resolving engineering problems.

Several among the dozen schools included above do not offer graduate study; as
indicated above, Webb is only about to initiate a master's degree program, and
neither the Coast Guard Academy nor the Naval Academy have graduate programs.
But the Technical University of Nova Scotia in Halifax does, and therefore it and the
remaining programs, in the same order as above, will be discussed. There is no
accreditation normally sought by graduate programs, and while several other
programs could perhaps be included these ten are considered, as before, adequate for
the purposes of this study.

The University of Michigan

~ The Michigan graduate program in naval architecture and marine engineering
has very recently been significantly revised, not as yet eliminating the existing
specialization options but now focusing on just two "Areas of Excellence." These are
first, Marine Hydrodynamics and Marine Environmental Engineering and, second,
Concurrent Marine Design, and they are intended to categorize departmental and
individual faculty research interests and activities as well. A minimum of 30 credit
hours of courses must be completed to earn a master's degree and there are level and
distribution requirements as well. The Master of Science degree, unlike the Master of
Science in Engineering degree, requires a thesis and is now viewed as the more
scientific choice preparing graduates for careers in research and development or for
continuing study towards the doctoral degree. The Master of Engineering degree is at
present in Concurrent Marine Design, or in an interdisciplinary program in
manufacturing with specialization in naval architecture and marine engineering. The
relatively new M.Eng. degrees are administered by the College of Engineering while all
of the other degrees are granted by the Rackham School of Graduate Studies - an
umbrella-like organization that among its other responsibilities attempts to insure
some degree of uniform high quality among all graduate degree programs throughout
the University whether they be in anthropology or zoology or any field in between.
Students seeking admission to the M.Eng. degree programs must have a bachelor's
degree in an engineering discipline plus relevant industrial experience, and initially it is
intended primarily for those who plan to return to industrial careers. The two
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professional degrees of Naval Architect and Marine Engineer require an additional 30
credit hours of course work beyond the master's degree requirements and successful
completion of a comprehensive examination, and both emphasize application of
engineering science at the level of advanced engineering practice. The Doctor of
Philosophy degree also requires additional course work beyond the master's degree
requirements, plus pursuing an independent investigation in a special new area or
concern of naval architecture and marine engineering so as to complete a dissertation
that contributes original and significant knowledge and understanding to this
discipline. Doctoral committees are created for each doctoral candidate after their
successful completion of preliminary examinations and preparation of a prospectus
describing their intended investigation, but the chairman of the committee is the
student's chosen advisor and usually has assisted in preparing the prospectus. Most
faculty members chair one or more committees and are members of others at any
given time, and at Michigan seven faculty members are also assigned as the
specialization option advisors, under a single overall graduate program advisor or
chairman, for each of the still used eight specialization options: computer-aided
marine design, marine engineering, marine production, marine structures, marine
systems management, and offshore engineefing, all within the concurrent marine
design area; and marine hydrodynamics and marine environmental engineering in

that area.

There is at Michigan, as at some of the other schools, the possibility of earning
an interdepartmental but single master's degree in several disciplines simultaneously,
and this requires at least 40 credit hours of graduate-level work. There is also the
opportunity to pursue simultaneously two separate master's degrees, and this
requires a minimum of 50 hours of graduate-level work. In addition, a joint M.S.E. in
Naval Architecture and Marine Engineering / M.B.A. in Business Administration
program has been available for some years and it requires 45 credit hours in business
administration plus usually fewer than the 30 hours normally required for the M.S.E.
degree depending on the business administration courses elected. Additional aspects
of the graduate programs at Michigan, such as how faculty assignments or
promotions are made, how graduate students are supported, more detailed
descriptions of several key if not all individual courses, how frequently specialized
graduate-level courses — usually with small numbers of students enrolled - are
offered, the special arrangements with the U.S. Coast Guard and the normal
procedures for the contingent of Coast Guard officers assigned there for study each
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year, and others, would need to be described to provide a more complete
understanding of them (or of any of the programs at any of the other schools), but for
the purposes of this study the more pertinent details on the structural specialization
option and the structural courses will be covered in the next section of this report.

The University of New Orleans

The School of Naval Architecture and Marine Engineering at New Orleans
graduate program is much less extensive and complicated, but is otherwise similar if
limited. The single master's degree program leading to a Master of Science in
Engineering in Naval Architecture and Marine Engineering, does have two options,
one requiring 33 hours of graduate credit and the other requiring a thesis and 30 hours
of graduate work including six hours of thesis research. As is done with the
undergraduate courses, most of the graduate-level courses are also offered late in the
day so part-time students can work toward an advanced degree. No areas of
specialization are formally defined and there is no Doctor of Philosophy degree
program specifically in naval architecture and marine engineering. .

Memorial University of Newfoundland

At Memorial graduate students can earn a Master of Engineering and Applied
Science degree in ocean engineering by completing a program that includes four
courses and a thesis. It is offered within the School of Graduate Studies, but the
courses are taught by and the thesis is directed by the Faculty of Engineering and
Applied Science. The Doctor of Philosophy degree, actually in ocean engineering, is
similarly awarded and directed. There are 34 courses available that are numbered
9000 and above (i.e., at the graduate level). There is also a special program entitled
the VLSI (for Very Large Scale Integrated) Design Programme offered in conjunction
with the Department of Computer Science and leading to a Master of Engineering
degree.

The University of California - Berkeley

The graduate studies programs at Berkeley offered by the Department of Naval
Architecture and Offshore Engineering can lead to any of an array of degrees: Master
of Science in Engineering and Doctor of Philosophy in Engineering, Master of Science
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in Engineering Sciences and Doctor of Philosophy in Engineering Sciences, and
Master of Engineering and Doctor of Engineering. The latter degree has been in place
for a number of years and Berkeley is one of only a few schools that now awards it,
but there is a strong trend at many of the better engineering colleges towards doing so
as well. This is partly because the Master of Engineering - rather than the Master of
Science in Engineering — programs have been well received by industry and because
the so-called professional degrees are still not well understood outside academic
circles. At Berkeley the Master of Science degrees require at least 20 units of
primarily graduate work plus a thesis, or a minimum of 24 units and a comprehensive
final examination. The Master of Engineering program is awarded for completion of a
minimum of 40 units of which at least 20 must be for graduate courses and the total
program must include 16 to 20 units oriented towards design and analysis. There are
other distribution requirements much as for the graduate programs at the other
schools being discussed, and while each student has considerable latitude in selecting
the courses to include his total program has to be acceptable to his or her academic
advisor, the department, and the college. With only a few departmental faculty
members at present, and hence a limited number of graduate courses available from
the department, it may well be that the current graduate students at Berkeley must
complete a number of courses offered by other engineering departments. But
Berkeley is a large and truly outstanding engineering college and this.should not be a
significant problem. The doctoral degree requirements are similar to those at
Michigan — and MIT, Texas A&M, etc. — but four semesters of residence, a minimum
of 33 units of formal courses, a program consisting of one major field and two minor
fields, the usual qualification exams (often referred to as prelims), and a thesis that
demonstrates the candidate has made a creative contribution to the knowledge of the
chosen field of study or (for the Doctor of Engineering) to the solution of a significant
engineering problem, are all mentioned specifically in their graduate publications. It
is very interesting, however, that the Naval Architecture and Offshore Engineering
Department alone at Berkeley still has a doctoral program language requirement. A
combined engineering and business administration program, and several other

interdisciplinary programs are available at Berkeley.

Virginia Polytechnic Institute and State University

At Virginia Tech the graduate programs in ocean engineering are
administratively in the Graduate School and are much like those at the other
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universities, the same degrees — Master of Science with or without a thesis, Master of
Engineering, and Ph.D. — but in ocean engineering are awarded and the same
procedures, particularly for the Doctor of Philosophy degree, are followed. There are
some 34 graduate courses offered by the Aerospace and Ocean Engineering
Department, 30 credit hours including 15 hours of 5000-level or above courses are
required in the two master's degree programs, a thesis counting for 6, and 27 hours of
graduate level courses are required in the doctoral program.

Massachusetts Institute of Technology

At MIT graduate students in the Department of Ocean Engineering can
currently earn Master of Science, Master of Engineering, and Doctor of Philosophy or
Doctor of Science degrees, and the professional degrees of Ocean Engineer or Naval
Engineer. The latter is associated with the Naval Construction and Engineering
program for naval officers, known as XIII-A. The Ocean Systems Management
program is known as XIII-B, and the Joint MIT-Woods Hole Oceanographic
Institution program is designated XIII-W. There are a number of other special
programs combining ocean engineering studies with, for example, technology and
policy or with management of technology, but the program designated as XIII without
a following letter does lead to either a Master of Science in Ocean Engineering or a
Master of Science in Naval Architecture and Marine Engineering. There is a new
program in Marine Environmental Systems leading to a Master of Engineering
degree. The size of the Department of Ocean Engineering faculty at MIT and the
breadth of their backgrounds and activities, along with the recognition that the
current MIT catalog indicates they offer no less than 85 individual courses which
carry graduate credit, insures that their graduate students can together with their
individual academic advisors select some number of courses suitable for their own
interests and career objectives while still meeting the appropriate degree
requirements. At least 66 graduate subject units and a thesis are necessary for the

Master of Science degree.

Texas A&M University

Graduate studies in ocean engineering at Texas A&M include programs leading
to the degrees of Master of Engineering requiring a minimum of 36 credit hours,
Master of Science in Ocean Engineering requiring a minimum of 36 credit hours plus a
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thesis, Doctor of Philosophy in Ocean Engineering requiring a minimum of 64 credit
hours beyond the Master's degree and a thesis, and Doctor of Engineering which
seemingly is awarded infrequently and requires industrial experience as well as a final
comprehensive examination. There are 18 graduate-level ocean engineering courses,
only two of which are concerned with structures even though ocean structures (along
with coastal engineering and marine hydrodynamics) is considered one of the primary
areas of interest. There are, however, suitable additional structures courses in
mechanical and civil engineering so that comprehensive individual programs can be
arranged; but ship structures specifically would not be the focus.

Florida Atlantic University

The close relationship between ocean and civil engineering at Florida Atlantic is
apparent in that the Department of Ocean Engineering offers master's degrees in
both disciplines, but a student interested in structures generally would probably
attempt to satisfy the requirements for that major in the civil engineering program
while one interested in marine structures would be enrolled in the ocean engineering
program. The Master of Science in Engineering (Ocean Engineering), or (Civil
Engineering) degree requires a minimum of 30 credit hours of which up to six must be
for research related to a thesis, while the Master of Engineering (Ocean Engineering),
or (Civil Engineering) requires 33 credit hours plus passage of an oral final
comprehensive exam. The Doctor of Philosophy degree in Ocean Engineering
program includes 30 hours of course work beyond the master's degree, the thesis and
the research for it, and very much the same arrangement as at all of the other
schools with a qualifying exam — called General Examination I at Florida Atlantic -
before candidacy and a thesis defense — called General Examination II. The current
graduate catalog lists 53 graduate-level courses given by the Department of Ocean
Engineering and at least one-quarter of them are in the structural mechanics or
materials and fracture mechanics areas, but as at Florida Tech the application focus

is not on ships in any of them.

Florida Institute of Technology

At Florida Tech 30 credit hours, including a thesis, are required in the Master of
Science in Ocean Engineering program, although there as elsewhere the thesis is
valued at 6 credit hours and can be replaced by two additional courses if the student
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can produce the results of a similar effort performed previously at Tech or somewhere
else. There are four subject areas, one of which is Materials and Structures (the
others are Marine Vehicles and Ocean Systems, Coastal Processes and Engineering,
and Fisheries Engineering) even though there are only two graduate-level structures
courses in ocean engineering required. The Doctor of Philosophy degree program is
similar to that at other schools, but 48 credit hours beyond the master's degree are
required. While this seems onerous it is tempered by the allocation of 24 of these for
the thesis work.

Technical University of Nova Scotia

The graduate program in Naval Architecture and Marine Engineering at Nova
Scotia is administratively under the Faculty of Engineering — equivalent to a school or
college in the U.S. - and the individual faculty members have their appointments in
the Department of Mechanical Engineering. With a slightly different name than the
M.S.E. degree awarded at most U.S. schools, the Master of Applied Science degree at
TUNS is similar particularly in contrast to the TUNS Master of Engineering degree
in the same sense as in the U.S. It requires completion of a minimum of six courses
and a thesis, while the Master of Engineering requires completion of a minimum of ten
courses but two of which can be for the required project. Because most students
entering the program have not earned their undergraduate degrees in naval
architecture or in ocean engineering (at least not at Canadian schools) some
adjustments in the ten course requirement are made for those who did have their
degrees in mechanical and civil engineering — reducing it to eight, for example ~ that
probably would not occur with other engineering disciplines. The Doctor of Philosophy
requirements and procedures are very similar to those at the U.S. schools as
described above. Some 16 graduate-level courses covering the usual subjects in
ocean engineering and naval architecture are listed in the mechanical engineering
series in the current catalog (calendar) and together they deal with ship and platform
concerns reasonably comprehensively and are concerned not at all with such topics
as coastal processes and oceanographic instrumentation.
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STRUCTURAL ANALYSIS AND DESIGN COURSES
IN NAVAL ARCHITECTURE AND OCEAN ENGINEERING
CURRICULA

This section of this report will include descriptions — for the most part from the
same publications used earlier in describing the various undergraduate and graduate
programs, but also in more detail by means of syllabuses and outlines or portions
thereof exactly as provided by professors responsible for or actually teaching the
courses — for those courses which deal with ship and offshore structural analysis and
design in the programs at each of the schools considered in the foregoing section.
Including all of the syllabuses in hand, and much of the ancillary information needed
to explain some of the other details of the individual courses or to provide fully the
context in which they are presented in the respective institutions' own publications,
would needlessly make this section massive in size and far more cumbersome than
deemed necessary to reach the conclusions sought. Enough material at both the
undergraduate and the graduate level will be provided to suggest that while many of
the schools may use more courses to cover essentially the same ground, or even
consider worthy of graduate credit courses that cover topics that at another one are
in those meant for undergraduates, or in elective courses, cataloging the distinctions
among the programs is considered not as much needed as is the ability to judge what
current program graduates generally should know and understand and how

professionally capable they should be.

Individual Course Descriptions

Webb Institute

As indicated above, Webb is in the unique position of having only a single
curriculum and can therefore integrate the courses in the curriculum to great
advantage. The actual course descriptions of interest from their catalog will not be as
useful here as the excerpt from a letter from Professor George Petrie shown in
Figure 13. Note that rod and beam element stiffness matrices are introduced in the
basic strength of materials course in the second year prior to the students taking any
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course in ship structures, for example, and that a midship section is prepared in their
first-year CAD/graphics course. (It should also be noted that while that first course
in ship structures for example is in the figure referred to as NA-4, in the Webb catalog
Roman numerals are used.) Syllabuses for NA IV, Ship Structures; NA VI,
Elements of Ship Design and Production; NA VIII, Ship Design II; and for the
strength of materials course are given in Figures 14 through 17. The ship design
course is the second of two covering preliminary design, as it is in this course that the

structural design is accomplished.

The University of Michigan

If the total Webb undergraduate program is indeed very nearly an ideal example,
the Michigan undergraduate program is in the same sense the best representative of
many of those at other schools, including those once available at Berkeley and MIT.
The principal undergraduate courses in marine structures are NA 310, Marine
Structures I, and NA 410, Marine Structures II. Not all undergraduate students
elect the latter since it is not actually specifically required, but most do. It can also
be taken for graduate credit, and all master's degree students must now elect the
third course in the structures sequence, NA 510, Marine Structural Mechanics, and
hence must be familiar with the material in NA 410. The catalog course descriptions
along with their outlines are shown in Figures 18 through 20, respectively. Because
the same textbook is used for both NA 310 and NA 410, pertinent portions of the
Table of Contents of it are reproduced in Figure 21. What can not so easily be
represented are the soft cover bound "course notes" that are absolutely essential in
describing fully how the subject matter dealt with in each of these courses, but the
tables of contents of the versions prepared by Professors Vorus and Karr now being
used in NA 310 and in NA 510 are reproduced in Figures 22 and 23 and the
agreement with the course outlines is obvious. Course notes, or "course packs" as
they are now known on most campuses, often make liberal use of figures and data
from textbooks and other references (and while the sources are always given this
practice has many of the original publishers very much concerned and has led to a
number of law suits) but blend these and the instructor's own material into a
coherent package that reinforces and to some extent supplements the lectures.
Several additional courses in structures beyond NA 510 are available for graduate
students at Michigan, including particularly NA 518, Strength Reliability of Ship and
Offshore Structures, and NA 574, Computer-Aided Hull Design and Production.
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NA IV - SHIP S8TRUCTURES

PROF. PETRIE
FAL
Lecture L 1994
No, Date Topic Reading
| O M-8/22 Course Overview & Introduction 1-16
2.3. T-8/23 General Approach to Analysis 78-84
of Design
4. Th-8/25 Sources of Loading
5. M-8/29 End Launching
6.7. T-8/30 Lab-Launching Project
8. Th-9/1 Load Transfer & Framing Systems
9. M-9/5 NO CLASS - LABOR DAY
10.11. T-9/6 Lab-Launching Project
12. Th-9/8 Candidate Structure Design Procedure
13. ¥-9/12 Plate Bending Theory
14.15, T-9/13 Lab-F.E.M. Intro; ALGOR plate modelling
18. Th-9/18 Shear Lag-Effective Width
17. X-9/19 Modelling of Combined Beam and Plate
18.19, T-9/20 Lab-ALGOR-beam flexure
20. Th-9/22 Hull Module; Structural Modelling
21. M-9/286 Hull Module; Loads & B.C.
22.213. T-9/21 Lab-ALGOR-stiffened panel
24. Th-9/29 Hull Girder Shear Flow
2S. M-10/3 EXAM #1
26.217. T-10/4 Lab. - Project I - Hull Module
28. Th-10/6 Design Criteria
29. ¥-10/10 Failure Modes & Limit States
30.31. T-10/11 Lab. - Project 1
32. Th-10/13 Patigue Assessaent
33. M-10/117 NO CLASS - FALL RECESS
34.35. T-10/18 Lab., - Project I
38. Th-10/20 Large Deflection Plate Bending Theory
7. M-10/24 Intro. to Elastic Buckling of Plates
38.39. T-10/25 Lab. - Project I
40. Th-10/27 Plate Buckling
41. M-10/31 Stiffened Panel Buckling
42.42. T-11/1 Lab, - Project 1 DUE
44. Th-11/3 Principal Member Analysis - Modelling
45. M-11/1 Principal - . - Loads & B.C.
48. T-11/8 {Monday Schedule) Intro. to Project II-P.H.A.
47. Th-11/10 GRP - Material Properties
48, M-11/14 GRP - Single Skin & Cored Construction
49.50. T-11/15 Lab. - Project Il
51, Th-11/17 SNAME Meetings
52. M-11/28 GRP - Panel Design
53.54. T-11/29 Lab., - Project I!
55. Th-12/1 GRP - Panel Design
56. M-12/5 GRP - Stiffener Design
57.58. T-12/6 Lab. - Project II
59. Th-12/8 GRP - Stiffener Design

FIGURE 14. SYLLABUS FOR WEBB COURSE NA IV, SHIP STRUCTURES
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310. Marine Structuras |

Prerequisite: ME 211. 1 (4 credits)

QOuasi-static analysis of ship hulls and offshore struchwres. Hull primary responss.
Introduction to probabifistic approach. Plated structures and ship structunal components.
Combined stresses and tailure theories. Framing systems. Briltie fracturs and fatigue
faikure modes, structural delails. Midship section synthesis, classification society rules
shess superposition. Material and fabricalion considerations.

NA3S10 MARINE STRUCTURES |
Fall 19%4
COURSE OUTLINE

Notes ITex
B Tatroduction l 1.1-1.8
o. Still Water Loading ]
b Wave Loading y <]
fl.  Beam Stress Analysis s
'Y ite Beam Bendie 3
hm“SedioaAwyis' k1)
¢. Beam Buckling “ 12.1-12.8
d. Stress Superposition &
¢. More Thorough Evaluatioa of Stress » 21-24
1.  Stiffesed Plate sod Framiog Systerms 9
e, T,
¢ Beoding snd Buckding of Rectangular Plates 1o 13.1-13.4
IV.  Esergy Methods 11 5158
t.WorhndStninEneE 111
b. Virtual Work 04 Bquilibrium Requirements 1é
V.  Finite Element Asalysis ¥4 19.1-19.6
VI.  Fallure Analysis 139
& Ductile and Brittle Failure Criteria 19 4146151
& Fracture 139 15.1-15.4
c. Fetigue 139 16.1-163
Vl. Stuctoral Details 140
8. Stress Concentrations {40 14.1.143
b. Weld Stress Asalysis 140
¢. Bolted Connections 144
INSTRUCTOR;
Prof. Dals Q. Karr
NAME 2368
%4-3217
QOURSE MATERIALS:
Course sotes (by William S. Vorus & Dele G. Karr) available ot Urich's
Text: Mechanics of Materials, by Boresi, Schmid, and Sidebottom; fifth edition.

FIGURE 18. MICHIGAN CATALOG DESCRIPTIONS, AND COURSE OUTLINE FOR
NA 310, MARINE STRUCTURES 1
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410. Marine Structures ¥

Praraquisies: NA 310, praceded o accompanied by NA 340. 1, 1l (3 cradits)
Equilibrium methods, energy methods and matrix methods are applied lo problems in
finsar elastic beam theory. Sokutions for classic beam problems include static bending,
lorsion, buciding, and vibration. Modeling and analysis techniques for ship and marine
structural design are reviewed. Introduction 10 finite element analysis.

NA41¢ MARINE STRUCTURES I

Fall 19%4
Course OQutline
Topic Descrigtion Text
L Unsymmetrical Beam Beading aod Extensios
s ibriue, Stresses, sad Defloction AR
b Shvar Cemen - 8185
¢. Elastic Stabdfity i21-128
.  Energy Methods
:“@qaflﬂhkanuﬂPuuﬁdﬁnqy
amm i';.“
d. Reciprocal Theorem
¢. Rayleigh-Ritz Method
fi.  Torsica
8. Circular aad Noocircular Cross Sections 6.1-6S
§. Thiz-Walled Closed Cross Sectioas 6.6
e.Wupnq_ ] 6.7
d. Latersl-Torsicns! Beamn Buckiisg
IV.  Elastic-Plastic Azalysis
a. ldeal Plasticy
v us
¢. Thick-Walled Pressurs Vessels 1.1-ns
V.  Foite Beest Asalysls
8. Beams sod Beam $
tﬂm-udw-gmnﬂyis 195
INSTRUCTOR:
Prof. Dale G. Karr
NAME 2368
4207
IEXL

Advanced Mechanics of Maserials, by Boresi, Schmidt, and Sidebottom; {ifth edition.

FIGURE 19. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR
NA 410, MARINE STRUCTURES II
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$10. Marine Strvctyral Mechanics

Preraquisie: NA 310 or CEE 312 or ME 311 or Aero 314, R (4 credits)

Von Karman plate squations, Strip-beam and plate sofulions with geometric and material
non-linearities. Application to ship and platform analysis in damage condition. The
flange tripping non-lineardy. Elastic and plastic analysis of Mat plates. Eftects of aspect
fatio. Ship main-deck buckling example.

NASLO
tuuuxxsrmmqy}ALnuunmuncs
Couzes Ogllize
Topic Text Qupter
latroduction

& Geornetric and Material Noalinearities
b. Trippiag of Plate Stiffeners -

il.  Cootinvum Mechanics

& Stress and Deviatocic Stress Teasors
% Defocmation Teasors

p
£
g.

=50z

Lu
. It"

.

fif.  VoaKarmes Plate Equations

&

IV.  Calcalus of Vasistions 2-212
Priaciple of Virtual Work ;,5.33
40-44

&~ Besm Asalyses .
b T
¢ Classicd Plate Theory &1-67

& Plate Buckling 813-818
W Poet BuckBog Strea
¢ Effective \"uih tadg?u&
VII.  Istroduction ®o Theory of Plasticity
4 Yield Conditions

b. Rigid. Perfectly Plastic Deformation
¢. Upper and Lower Bound Theorems

4. Plastic Collapse of Structural Elements
INSTRUCTOR;
Prof. Dele G. Kaer
NAME 1368
164-3217
TEXTS:

gydMWHMhMHMWLHMdCL

NAS10 Marine Strwctural Mechanics Cournt Notes, by D.O. Kart sod W. 8. Voros.

FIGURE 20. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR
NA 510, MARINE STRUCTURAL MECHANICS
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NA 310 - MARINE STRUCTURES 1

Table of Contents
 Page(s)
I. INTRODUCTION l
a. Still Water Loading 10-24
b. Wave Loading 24-26
[I. BEAM STRESS ANALYSIS 27
2. Co ite Beam Bending 27-35
b. Mids gSecnoo Analysis 3545
¢. Beam Buckling 46-73
d. Stress Superposition 74-83
¢. More Thorough Evaluation of Stress 84-102
1. STIFFENED PLATE AND FRAMING SYSTEMS 103
a. Hull Transverse Strength 105-110
b. Static Stability and Determinacy 111-118
¢. Bending and Buckling of Rectangular Plate 118
IV. ENERGY METHODS 119
2. Work and Strain Energy 119-123
b. Virtual Work and Equilibrium RequiremeaTS 124-134
V. FINITE ELEMENT METHOD 135
2. Virtual Work 136-137
b. Truss Bar Elements 137-146
¢. Beam Finite Elements 147-158
VI. FAILURE ANALYSIS 156
VI. STRUCTURAL DETAILS 157
a. Stress Concentrations 157
b. Weld Stress Analysis 157-16t
¢. Bolted Connections 161-168

APPENDIX A References
APPENDIXB  American Bureau of Shipping

Rules for Building and Classing

Steel Vessel Vessels 1994, Pant 3, Section 6
APPENDIXC  Midship Sections

APPENDIXD  Moment Distribution

FIGURE 22. "NA 310 COURSE NOTES" TABLE OF CONTENTS (COURTESY OF VORUS
AND KARR)
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TABLE OF CONTENTS

I. INTRODUCTION 1
A. GEOMETRIC AND MATERIAL NONLINEARITIES.........coverirsns e

B. TRIPPING ANALYSIS 6

1. CONTINUUM MECHANICS 15
A. STRESS TENSORS e 15
B. DEFORMATION TENSORS 18
C. CONSTITUTIVE EQUATIONS 23
III. VON KARMAN PLATE EQUATIONS veresesessesaensasees a2
A. STRESS AND STRAIN 32
B. HOOKE'S LAW 32
C. STRAIN-DISPLACEMENT RELATIONS 33
D. REDUCTION TO FLAT PLATES 34
B. RESULTANT-STRESS RELATIONS 38
F. EQUILIBRIUM 39
G. THE VON KARMAN PLATE BQUATIONS 41
H. STRIP-BEAM SOLUTIONS 44
IV. CALCULUS OF VARIATIONS. 50
A. THE NOTATION OF YARIATIONAL CALCULUS 53
B. PRINCIPLE OF MINIMUM TOTAL POTENTIAL ENERGY 60
C. THE RITZ METHOD 60
Y. APPLICATIONS 67
A. STRIP-BEAM ANALYSIS 57
B. THE SNAP-THRU PROBLEM 78
VL. PLATE BUCKLING 81
A. EXAMPLE FORMULATION 81
B. SIMPLY SUPPORTED PLATES .... 33
Vil. IDEAL PLASTICITY 88
A. CONSTITUTIVE EQUATIONS 38
B. PLASTIC FLOW LAWS v 91
C. PLASTIC COLLAPSE c..o e e cmensesisasesssssmmessssesasssnessrecsen 95

FIGURE 23. "NA 510 COURSE NOTES" TABLE OF CONTENTS (COURTESY OF DALE
KARR)
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There are of course several dozen also available among those offered by the
Aerospace Engineering Department, in the Applied Mechanics program of the
Mechanical Engineering Department, and by the Civil and Environmental
Engineering Department, for example, and those students interested in structural
analysis and design could in selecting among these courses specialize in any aspect of
this broad field. The advantages of being a graduate student in a large and
comprehensive engineering college are indeed apparent.

The University of New Orleans

The required undergraduate course in marine structural analysis and design at
New Orleans is NAME 3120, Ship Hull Strength, but (as at Michigan) many also
elect the second course, NA 4120, Ship Structural Design and Analysis. The
descriptions of these two are given in Figures 24 and 25, in this instance in the ABET
prescribed accreditation format. Note that neither course includes finite element
analysis, but that it is offered in an elective course, NAME 4096, Finite Element
Analysis in Ship Structures, for which the description is as shown in Figure 26. That
same course number, NA 4096, named Special Topics in Naval Architecture in the
catalog, is used for a course entitled Stability of Ship Structures, for which the
description is as shown in Figure 27. There are other courses offered by the School of
Naval Architecture and Marine Engineering that might be mentioned, some more
concerned with load formulation than structural analysis or design, but one entitled
Small Craft Design does include substantial structural material and is described in
Figure 28. There are also Electrical, Civil and Environmental, and Mechanical
Engineering Departments in the College of Engineering at New Orleans and hence
graduate students can choose among an array of courses offered by those
departments. A popular elective among the naval architecture undergraduate
students, perhaps because they are drawn mostly from the Gulf region, is ENME
4756, Mechanics of Composite Materials. The description is given in Figure 29.

Memorial University of Newfoundland

Required undergraduate structure courses at Memorial are Engineering 6002,
Ship Hull Strength, and Engineering 7002, Ship Structural Analysis and Design.
Course information sheets, in the format for the Canadian Accreditation Board, for
these are given in Figures 30 and 31. Among the suggested technical electives in the

-51 -




COURSE DEACRIPTION
NAME 3120--Ship Hull Strength
Fall Semester 1991

1992 Catalog Data: NAME 3120: Longitudinal strength, simple beam
theory, trochoidal wave and smith correction, weight, buoyancy,
load shearing force and bending moment curves; midship section
modulus; composite hull girder; transverse strength, strain
energy and moment distribution methods; torsional strength;
torsion of thin walled, open sections, torque distribution;
torsional loads, the use of classification society rules in
nidship section design.

Textbook: William $. Vorus, NA310 Ship Strength I: Informal
Notes, U. of Michigan NAME, 1986.

Reference: Ship Design and Construction, and Ship Structural
Design, SNAME.

Coordinator: J.M. Palzarano, Assistant Professor of NAME

Goals: This course is designed to give juniors in naval
architecture and marine engineering an understanding of the
overall ship structural design process including loads, basic
analysis techniques. Also included are special topics related to
fabrication and production.

Prerequisites by topic:

1. Ship hydrostatics, weight and buoyancy
2. Strength of Materials

Topics:

1. Introduction to ships and offshore Structures (3 classes)
2. Loads on ships and offshore structures (2 classes)
tongitudinal Strength (4 classes)

Transverse Strength (2 classes)

Plated Structures (4 classes)

Stress concentration and Patigue (2 classes)

Joints in ships and offshore structures (2 classes)
Fabrication and Welding (2 classes)

Midship Section Design (4 classes)

Tests (2 classes)

NV NLW
. L] L . Ll L] . -

Computer usage:

1. Each student must write and run a FORTRAN 77 program to
determine the section modulus of a ship midship section

2. The computer program written for the above is then used in
designing a midship section that meets ABS requirements.

ABET category content as estimated by faculty member who prepared,
this course description:

Engineering science: 1.5 credits or SO0%
Engineering design: 1.5 credits or 50%

Prepared by: Dr, J.M. Falzarano Date: March 28, 1994

FIGURE 24. COURSE DESCRIPTION FOR NEW ORLEANS NAME 3120, SHIP HULL
STRENGTH
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COURSE DESCRIPTION
NAME 4120--Ship Structural Design and Analysis
Spring Semester 199¢

1992 Catalog Data: NAME 4120 Review of Longitudinal Strength;
principal stress distributions and stress trajectories; local
strength analysis; panels under lateral load; columns and
stanchions under uniform edge compression loading and panels
under shear and combination loading; rational ship structural
design synthesis based upon stress loading hierarchy; primary,
secondary, tertiary stress as a criteria of ship strength
including grillage aspects.

Textbook: Robert E. Sandstrom, NA410 Ship Strength II Lecture
Notes, U of Michigan.,b1982. .

Reference: Principles of Naval Architecture, SNAME.
Coordinator: J.M. Palzarano, Assistant Professor of N.A.NM.E.

Goals: This course is designed to give seniors in naval
architecture and marine engineering a more advanced understanding
of beams, beam/columns and plates to integrate them into overall
ship structural design.

Prerequisites by topic:

1. Elementary ship structural design
2. Elementary Vibrations
3. Ordinary DEQ's, Fourler series, introductory PDE's

Topics:

1. Overview of ship structural design and analysis (2 classes)

2. Derivation of general asymmetric beam equations (4 classes)

3. Application of beam equation to static stress and asymmetric
bending (6 classes)

4. Shear Stress, shear center, shear in asymmetric and closed
sections (4 classges)

S. Ship Rull and Beam Vibration (6 classes)

6. Buckling of Beam Columns (2 classes)

7. Energy Methods (2 classes)

8. Plates/frames (2 classes)

7. Tests (2 classes)

Computer usage:

1. Each student must solve for roots of a transcenqencal
characteristic equation and plot the corresponding mode
shapes.

ABET category content as estimated by faculty member who prepared
this course description:

Engineering science: 2 credits or 67%
Engineering design: 1 credits or 33%

Prepared by: Dr. J.M. Falzarano Date: March 28. 1994

FIGURE 25. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4120, SHIP
STRUCTURAL DESIGN AND ANALYSIS
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COURSE DESCRIPTION
NAME 4096--Finite Element Analysis in Ship Structures
Fall Semester 1992

1992 Catalog Data: NAME 4096 Special Topics in Naval
Architecture

Textbook: William Weaver, Finite Elements for Structural
Analysis, Prentice Hall, 1984.

Reference: K. GCallager, Finite Element Analysis Fundamentals,
Prentice Hall, 1975

Coordinator: J.M. Falzarano, Assistant Professor of N.A.M.E.

Goals: This course is designed to give seniors in naval
architecture and marine engineering an introductory
understanding of the use of finite elements for ship
structural design and analysis.

Prerequisites by topic:

1. Basic Ship structural design
2. Strength of materials
3. Basic vibrations

Topics:

Introduction to Finite Elements (6 classes)
Plane Stress and Strain (6 classes)
Isoparametric Formulation (4 classes)
Flexure of Plates (4 classes)

General and Axisymetric Shells (4 classes)
Vibration Analysis (4 classes)

Instability Analysis (2 classes)

Tests (2 classes)

OO W

Computer usage:

1. Three homework assignments, students are required to run a
general purpose finite element program to analyze various
aspects of finite element analysis including a cantilever
beam and a plate with a hole in it.

ABET category content as estimated by faculty member who prepared,

this course description:
Engineering science: 2 credits or 67%

Engineering design: 1 credits or 33%

Prepared by: Dr, J.M. Falzarano Date: March 28, 19394

FIGURE 26. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, FINITE
ELEMENT ANALYSIS IN SHIP STRUCTURES
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COURSE DESCRIPTION
NAME 4096 - Stability of Ship Structures
Spring Semester 1994

Proposed Catalog Data:

NAME 4096 Stability of Ship Structures. J Credits,

Stability problems of ship and off-shore structures; stability of
columns and frames, beam-columns; plastic buckling; buckling of
plates and thin shell-type structures.

Textbook: Theory of Elastic Stability, S. P. Timoshenko and J. M.
Gere, McGraw-Hill, New York, 1981.

Reference: Structure Stability, W. FP. Chen and E. M. Lui,
Elsevier, 1987.

Coordinator:

Goal: This course is designed to give students the knowledge of
stability problems of ship and offshore structures.

Prerequisites by Topics:

Theory of stresses and strains
Differential equations

Theory of bending of beams

Knowledge of ship/off-shore structures

Topics:

Beam-columns (8 classes)

Elastic buckling of bars and frames (6 classes)
Inelastic buckling columns (3 classes)
Buckling of elastic plates (7 classes)
Fundamentals of buckling of shells (3 classes)
Tests (3 classes)

Estimated ABET Category Content:
Engineering Science: 3 credits or 100%

Prepared by: Dr. B. Inozu Date: March 24, 1994

FIGURE 27. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, STABILITY OF
SHIP STRUCTURES
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ENME 4756-Mechanics of Composite Materials
Fall Semester 1593

1992/9%4 Catalog Data: ENME 4756 Mechanics of Composite
Materials Cr. 3

Prerequisites: Civil Engineering 4353 or consent of
department. Analysis of stress, strain, and strength
of fiber reinforced composite laminates. Topics
include laminated plate theory, stress analysis of
orthotropic plates, damage mechanisms, fatigue,
impact, and environmental effects.

Textbook: Agarwal, B. D., and Broutman, L. J., Analysis and
Performance of Piber Composites, Second Edition, J.
Wiley & Sons, Inc.

Reference: Jones, R. M., Mechanics of Composite Materials,
Scripta Book Co., 1975.

Coordinator: Paul D. Herrington, Assistant Professor

Goals: The goal of this course is to provide students a
fundamental understanding of the mechanics of
composite materials and their behavior under typical
service conditions. A design project including a
written and oral presentation is required.

Prerequisites by Topics:
1. Advanced Strength of Materials
2. BEngineering Analysis

Topics:

1. Introduction (1 class)

2. Materials and processing (3 classes)

Behavior of uni-directional composites (4 classes)
. Analysis of orthotropic lamina (8 classes)

. Analysis of laminated composites (6 classes)

. Damage mechanisms and failure criteria (3 classes)
. Impact and fatigue (2 classes)

Bnvironmental degradation (1 class)
Nondestructive evaluation (1 class)

VONAANSW

Computer Usage:
Students are required to use the VAX-cluster and/or microcomputer

for solving homework problems and for the analysis of design
project alternatives.

ABET category content as estimated by faculty member who prepared
this course description:

Engineering Science: 2 credits or 66.7%
Engineering Design: 1 credit or 33.3%

Prepared by: Paul Herrington Date: September 24, 1993

FIGURE 29. COURSE DESCRIPTION FOR NEW ORLEANS ENME 4756, MECHANICS OF

COMPOSITE MATERIALS
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COURSE INFORMATION SHEET

COURSE NUMBER & TITLE: Engineering 6002 - Ship Hult Strength
CALENDAR REFERENCE: Page 297 of the 1991/1992 Undergraduate University
Calendar.

CEAB COURSE TYPE: Program Compulsory
TOTAL NUMBER OF LECTURE SECTIONS: One
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION: 5/18
TOTAL NUMBER OF LABORATORY/TUTORIAL SECTIONS: One
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER LABORATORY/TUTORIAL
SECTION: 5/18
MAJOR TOPICS:

1. Longitudinal Strength of Ships (9 lectures).

2. Transverss Strength {12 lectures).

3. Torsion (3 lectures),

4. Matrix Displacement Method (6 lectures).

8. Finite Element Meathods (8 lectures).

PRESCRIBED TEXT(S):
1. Suzength of Shipg, by J.R. Pauling,
Chapter 4, in
E.V. Lewds, Editor, , SNAME, (1988).
2. Introductory Structural Analysls,
by Wang and Saimon, Prentice Hall, (1984).

INSTRUCTIONAL HOURS PER WEEK: 3 lectures and 2 lab.tutorial hours per week.

COMPUTER EXPERIENCE: Students are required to design 8 spread sheet for a ship's
midship section calculstion.

LABORATORY EXPERIENCE: students ars required to submit 8 midship section design
project.

PROFESSOR-IN-CHARGE: M. R. Hadders, Ph.D., M.S., P.Eng., C.Eng., Professor
(Naval Architectursl Englneering).
TEACHING ASSISTANTS (NUMBERMOURS): 1/52

CEAB CURRICULUM CATEGORY CONTENT:
TOTAL NUMBER OF LOAD UNITS = 4
Engineering Science = 2.4 units
Engineering Design = 1.6 units

AVERAGE GRADE/FAILURE RATE: 63%/0%

FIGURE 30. COURSE INFORMATION SHEET FOR MEMORIAL E6002, SHIP HULL
STRENGTH
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COURSE INFORMATION SHEET

COURSE NUMBER & TITLE: Engr.7002 Ship Structural Analysis and Design
CALENDAR REFERENCE: Page 299 of the 1991-92 Undergraduste University
Calendar (listed as 8002)
CEAB COURSE TYPE: Compulsory
TOTAL NUMBER OF LECTURE SECTIONS: 1
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION: 5/13
TOTAL NUMBER OF LABORATORY/TUTORIAL SECTIONS: 1
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER LABORATORY/TUTORIAL
SECTION: 5/13
MAJOR TOPICS:
1. Ship structural safety: rational design; rule-based design; partial safety
factors; safety index; probability of failure (5 lectures)
2. Long uniformly loaded thin plates: elastic, elasto-plastic and plastic design;
various edge constraints (8 tectures)
3. Finite aspect ratio plates: elastic, elasto-plastic and plastic design; various
edge constraints (4 lectures)
4, Buckling and ultimate strength of columns (3 lectures)
8. Buckling of (long) plates including concepts of effective and reduced
effective width (6 lectures)
8. Griage design: effective breadth; plastic design of beams; combined loads
and failuce; magnification factor; interaction equations to estimate failure (6
lectures)
7. Buckling of wide plates; weldlnq distortions and their effect on incremental
coflapse (4 lectures)

PRESCRIBED TEXT(S): No texts are prescribed due to expense; the following is a
reference for the course:

Hughes, O.F., 1983, Ship structural design, Wiley-Interscience. Republished by The
Society of Naval Architects and Marine Engineers, New York.

INSTRUCTIONAL HOURS PER WEEK: 3 lecture hours per week (1 term); occasional
tutorial and discussion sessions averaging out to 1 hour every two weeks.
COMPUTER EXPERIENCE: nil

LABORATORY EXPERIENCE: nil

PROFESSOR-IN-CHARGE: Neil Bose, Ph.D., P.Eng., Assoc. Prof. (Naval Architectural
Engineering)
TEACHING ASSISTANTS (NUMBER HOURS): 1/50
CEAB CURRICULUM CATEGORY CONTENT:
TOTAL NUMBER OF LOAD UNITS = 3.25
Engineering Science = 1.5
Engineering Design = 1.7§
AVERAGE GRADE/FAILURE RATE: 72.4/0 (1988-91)

FIGURE 31. COURSE INFORMATION SHEET FOR MEMORIAL E7002, SHIP
STRUCTURAL ANALYSIS AND DESIGN
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senior year are 7933, Stress Analysis, and 8058, Submersible Design. The brief
course descriptions, from the calendar, and those for 4312 and 5312, the two course
sequence in the basic Mechanics of Solids that are prerequisites for the ship
structures courses, are reproduced in Figure 32. Other structural analysis and design
courses are available in the programs in civil and mechanical engineering also offered

by the Faculty of Engineering and Applied Science.

The University of California - Berkeley

The single undergraduate structures course in the current undergraduate
program at Berkeley is NA 154, Ship Structures, and the description of it in the
ABET format is shown in Figure 33. More interesting perhaps are the several
outlines in hand for that same course in recent years, particularly the differences in
actual content as well as the different ways in which several of the same topics can
be described by two different but knowledgeable professors (and Professors Mansour
and Paulling are indeed very well qualified to be so designated). Also, because these
outlines collectively include just about every topic with which it would be highly
desirable every bachelor's degree naval architect and/or ocean (or "offshore," since
Berkeley is the subject) engineer had presented to him, they are reproduced in Figures
34 through 36. Viewed in that sense, they also clearly demonstrate that a single
required course in marine structural analysis and design in any undergraduate
program in naval architecture or offshore engineering is indeed inadequate. With the
situation at Berkeley currently in transition it is probably not entirely established
what material should be in what course at present, but there are two graduate
courses, 240A and 240B, being given at present by the department. A tentative
outline for 240A, Theory of Ship Structures, is shown in Figure 37, primarily to
illustrate how rational and current course content at that level can be in that the
probabilistic approach to loading and a reliability based determination of response are
both included. Other departments and programs at Berkeley in all of the established
engineering disciplines offer a great number of additional courses in structural
analysis and design and related subjects, and graduate students in the Naval
Architecture and Offshore Engineering Department can specialize further by
selecting from among them much as do those at Michigan and the other universities.
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FIGURE 32. SELECTED MEMORIAL CALENDAR COURSE DESCRIPTIONS
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NA 184
Fall Semester 1988

1988-89Ca Data: NA 134: Ship Structures, Credit 3. Introduction & the speciali
o of ship structures and their design. Structural loads, hull gm';b?é m‘;um
components analysis, laterally loeded grillages and cross-stiffened plates,
p@;ybuﬁhr;g. n;ow of possible txlum to be designed against, use of
t and classification society rules in combination in the desj .
Prerequisites: NA 151, CE 130. ¢ esign process

Textbook: J.P. Comstock Editor, Principles of Naval Architecture, SNAME, 1967.
R. Taggart, Editor, Ship Design and Construction, SNAME, 1980,

Coordinatory Alag E. Mansour, Professor of Naval Architecture & Offshore Engineering

Goals: To introduce the student who has already completed a course in elementary
sumdgczh of materials to the specialized aspects of ship structural analysis
and design.

Prerequisites by Topic:

1. 2-Delastcity.

2. Elementary theory of bending of beams.
3. chc&%w&um buckling theory.
4. Theory of torsion of simple closed tubes.

Topics:

ggumml loads expcgenced by shipssgzéfr ﬁ mann:l s;rﬂpctnm (ﬁziassa)
% girder theory wi emphasis on torsion ects. (7 classes)
Hultdeckhouse interaction. § classes)
Elastic theory of stiffened plates. (7 classes)
Plate buckling theory and the used of design charts for predicting the buckling strength of structural
M oé’n:;‘ (?aﬁxassﬁ)d desi de {c
ip failure and appropriate design considerations. (7 classes)
The smz«cnn';ﬁ design process as a synthesis of rules, codes and rational procedures, (7 classes) .

N wALN-

Computer Usage:

1. Homework assignment on designing stiffened panel of a ship bottom structure.
Laboratory Projects (including major items of equipment and instrumentation used):

1. Noae

ABET category content as estimated by faculty member who prepared this course description:

Engincering Science: 2 credits or 66%
Engineering Design: 1 credits or 33%

Prepared by: AHM Dae: __S[v]tirr

P

FIGURE 33. COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP STRUCTURES
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ouTLInE

NA_ 154 Ship Structures A. €. Mansoyr

1. Characteristics of ship structure
(a) Strength versus stiffness

{b‘ Prinlr{. secondary and tertiary behavioe
¢) Tyoical amidship sections
2. Loads applied to ship structure

(3) Static loads--standard longftudinal strength calculations
(b) Dynamfc 1oads--low and high frequency loads

3. Box girder analysts
(3) Two dimensional stress analysis
(b) Stress distridbutfon around a sectfon
(c) Shear and girth stresses
(d) Desiqn considerations

e)Ultimate strength and failyre mod
4, éhear 39 d ef;gttive readéﬁ ¢

(a) Basic concept
(b) Application and desfgn charts

S. Oeckhouses and superstructures
(a) Two-beam analysis
(b) Experimental results

6. Bending of plates

(a) Isotropic plates

(b) Orthotropic and stiffened. plates
7. Buckling of plates

(a) Isotropic

(b} Orthotropic

8. Ultimate strength of deams, plates and box girders

FIGURE 34. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES
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Lk Ship Structures Fall 1909

fnstructort J. R, Paulling

Course Outline and Schedule (Subject to chinge at whis of instructor)

Reading Referencet FNA = Principles of Naval Architecture, Vol. 1, Lewis (£d.)
Pub. SNAME, N.Y., 1929,

Week Tooig Reading Reforence
| Introduction - The big picture. Ch, 3, Sect.
Ship structural static loads, 2.1, 2.1
2 Dynamic wave loads - detersinistic, 2.3-2.3
Pm‘bil‘itic' 2.6‘20.
3 Long tera extrese loads. 2.9-2.10
Other cosponents of dynamic loading 2.11
¢ Rox girder analysis 3.1-3.2
Section modulus computation .3
S Shear and transverse stress distribution 3.4-3.3
6 Shear 139 and effective breadth .6
7 Torsion and celated effects 3.7
e Secondary structural response 3.8, 3.9
4 Plate bending 3.10, 3.1t
MIDTERM EXAM
10 Transverse strength considerations 3.12
Deckhouses and superstructures 12
1" Modes of structural failure, liait states 4.1-4.3
Failure theories
12 Structural 1instability and buckling 4.%5-4,7
13 Ultisate strength 4.9
Fatiqgue 401
14 Introduction to reliability Sect. $
13 Catch up. Lloose ends. Review,

FIGURE 35. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES



3.

Topical Outline
RA 184 - Ship Structures

Nature of ship structures and dasic coocepts of ship
structural desigs.

a. Arrangement of structural components.
b. Punctioa of structural components.
¢. Comparison of ship structures to other structures.

d. Subdivision of response (primary, secondary, tertiary).

Ship structural loads (demand)

a. List of loads (statfic, quasi-static, dynamic)

b. Standard static load computation and use ia classification
society rules.

Plane stress analysis

a. Derivation of equations of equilidbrium.

b. Stress conceatratioa.

Analysis of hull girder and bull module components
a. Elementary dox beam analysis {a bending.
b. Torsion of thin-walled slender beams with closed sections.

¢. Shear effects is thin-walled slender beams.

Laterally loaded grillages and cross-stiffened panels:

descriptioa of phencmena, derivatioa of equatioas of equilidriuam,

use of design charts.

Buckling asd ultimate strength of colusns and plates.

Further aspects of structural fatlure (capabdility),
a. Tensile/compressive fracture and fatlure theories
b. Patigue

c. Brittle frasturc

d. Velded connections
Uncertainty of design process (demand vs. capadbllity),

Classification society rules.

FIGURE 36. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES
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2407 - THEORY OF SHIP STRUCTURES
Alss Mansour

TENTATIVE QUTLINE

1. Representation of the Sea Surflace
1. Probability distcibutions associated with & randonm
process,
2. Statlonary and erqodic processes,
3. Autocorrelation function and spectral density of o
stationacry randoa process,
4. Typlical ses data and sea spectra.

1. Oynasic loads and response of 3 ship hull considered as a

cigid body.
1. Input - output relations
2. Transfer functions response asplitude operators.

3. Ship cesponse spectra in long-and shoct-crested seas.

{11, Long-term Prediction of Wave Loads - Extreme Value and
Ocder Statistics
1. tong-tera distributions.
2. Extreme vave loads - order statistics,
3. Extreme total wvave and stillwater loads,

IV. Pully Probabilistfc Reliadility Analysis (Level III)
1. Vvacladility §n hull strength.
2. Reliadility concepts,
3. Probadility of Caflure using deterministic or normally
distcibuted stillvater loads.
4.modes of falluce {n hogging and sagging conditions -
bounds on the total prodbadbilfity of C(aflure.

V. Paflure Analysis Proceduces - Design Considecations
1. Ltong-tera procedure,
2. Short-teca proceduce.
3. Application of faflure analysis to a Mariner and
tanker,
4. The level of safety-optimization criterla,
$. Determination of & hull section sodulus for & prescribed

level of salety.

VI. Seni-Probabilistic Relfability Analysis (Level 11)
1. The mecan value ficst ordec second moment method,
2. The Rasofec/Lind reliability index,
3. Inclusfon of distcibution Infermation,
4., Pactial safety factors (Level (),
$. Example application and comparisons,

vil. Dynamic Loads and Response of a Ship Hull Considered as o
Flexible Body
1. High-(requency steady springing loads and response.
2. Migh-frequency transient-slamaing loads and response,
J. Combining the high-and low-frequency loads.

vill, Ship Hull Vltimate Stcrength
1.Failuce as a cesult of ylelding and plastic flov (the
plastic collapse, shakedown and (nitial yield moments).
2. Failuce as 3 cesult of instability and buckling (modes of
stiffened plate buckling failure),

FIGURE 37. COURSE DESCRIPTION FOR BERKELEY NA 240A, THEORY OF SHIP
STRUCTURES
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United States Coast Guard Academy

The contents of the 1442 course entitled Principles of Ship Design and 1444,
entitled Ship Design and System Integration, at the Coast Guard Academy include
many topics beyond those involving structural analysis and design. But Figure 38
includés the actual two assignments involving structures from among 21 listed, along
with the catalog description of the first course, and Figure 39 includes similar items
from the second. The handout material for these courses is very detailed but very
organized and extensive. Students at the Coast Guard Academy possibly do not have
available to them the same level and technologically advanced treatments of marine
structural analysis and design as do those at many of the other schools, but those
graduating are certainly familiar with the fundamentals of the subject since it is dealt

with soundly and well.

United States Naval Academy

While there are several required courses dealing with saveral aspects of
structural analysis and design in the naval architecture and in the ocean engineering
programs at the Naval Academy, and more elective courses available, EN 358, Ship
Structures, and EN 441, Ocean Engineering Structures, are, respectively, the
principal ones. The respective capstone design sequence courses include the usual
structures content, but students in both programs are also required to take EN 380,
Naval Materials Science and Engineering, and evidently learn about fatigue and
fracture there in addition to the more scientific topics which are all that are included
in many of the basic materials science courses elsewhere. Syllabuses for EN 358 and
EN 441 are included in Figures 40 and 41, along with the reference list for 358 and the
ABET description for 441. These last two items would seem to indicate some
difference in the levels of the treatments in the courses, but this could be in error and
is only suggested because the 358 reference list includes some quite old — but classic -
entries despite listing the very valuable Hughes book as well.

Virginia Polytechnic Institute and State University

The required undergraduate structures courses at Virginia Tech reflect the
arrangement that places the ocean engineering program and the aerospace
engineering in the same department, and that it is an ocean engineering program

-67 -




Principles of Ship Design 1442
The art aad scicace of ship design  Hull sreagth and structenal design
requirements by first principles snd ABS rules; the design process; applics-
toa of estimation and iteration procedures with emphasis oa preliminary bull
dimeasions and weight estimates; comparative aaalysis of vessel and payload
with figures of merit; dull videatioas; preliminary development of geaeral

CAD inteasive course terminaies widh 3 team-prepared
mmmnmmmwmnump&uhsﬁpmw

Sysiem Integration (1444).

Credit Hoors: 40

Format: Class Project

Prerequisite: 1342

Cocequisite: 1453

Restrictions: 1k Cadets and NAME Majors oaly

PROJRCTED OFFERING: FALL

19. Longitudinal Strength Analysis (8) - Based wpoa your Second
Weight'OOG Estimate, Loading Condition Calculations and sppropriate
routines from MaxSurf/Hydromax, the Desiga Team shall:

a. Bvaluate Still Water, Hogging and Sagging Longitudinal Strength of

" your vessel in each of the 4 loading conditions. The maximum
beoding moment and shear force shall be highlighted for each
conditioa.

b. Usiag the maximum beading momeat and shear force values from
pml).ducrmlnethemwﬁduedhthooumﬁouolym
hull and cakulate the maximum permissible beading and shear

stress.
¢. Cakulate the required midship section modulus for your vessel.

d. Provide plots of the weight, buoyancy, losd, sbear and bending
momeat curves for each of the analyzed cases, ideatifying the
locations of the maximom shear and bending momeat values.

20. - Based upon the results of the

Midship_Section Design (5)
Loagitodinal Streagth Analysis of your vessel and appropriate
structural desiga criterls, the Design Team shall:

a. Design, draw and ladel the midship section for your vessel. Insure
that all major stroctural members are included aod dimensions
are provided.

b. Determine the plate thickoess for all decks, shell and bottom
platisg.

¢. Determine the size and locatioa for all major structural members
in sccordance with applicable ABS rules, USN/USCG specifications,
and CFR requirements.

d. Determine the required thickness and stiffener sizing for typical
bulkbeads - collision, deep tank and standard watertight.

e. Determine the Moment of lnertia and location of the Neutral Axis
for your midship section. Provide actual bendiog moment and
shear stress calculations for this section and compare said actual
values to the maximum permissible values from part b) of the
Longitudinal Strength Analysis.

FIGURE 38. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG
ACADEMY COURSE 1442, PRINCIPLES OF SHIP DESIGN
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Integration 1u
Caporsas design course for Naval Aschitecters & Marine Engissering
Majors. Coamplesion of project begus in Priaciples of Skip Desiga (1442).
Hall model resiscance testing, alecyic plat and suxiiory symem desiga,

$Ship Desipa/Syaters
Te

CPMAEXT placning, HVAC, engiacering sconoraics, snd wade off saudies
fa design, coastrection snd Kie cycls certing spplicd © prelicainery dhip

design developed la course 1441 Bapbasis ea imegraion of bell and

mackisery sysiems.

Credit Hours: o

Former CsyProject
Prerequisie: 1442 and 1453

FROJECTED OFVEIRING: SPRDNO

Ouidaoce for Sidehio Secion Desige Responalie Person:
t. Genecs Procedure :

1. Usig e bending ¥ from the longitudng!
strength section and the mquired aecion moduke, detign & midehlp
secion for your vessel.

2 Compuie the required secBion modkm 10f your veessl a3 defined dy the
AB3 Fusas for Stoel Vesssls and compare It 10 your saclion 83 per part
1. Comment 0a the Gk nd ssls for which secs
noddus you may uee.

I Speciic Design Procedure :

1. Draw e ship's midship secton.

Labet and Mectlly the major structursl members.

Jusilly B selecton of major shuctural members, frame spscing, efc.

Calcdste the moment of Inecka and the cstion of he netrel exis of
your midehlp section.

Beodd on the midship

) PO "

F I

cBon and e b " nt from
longitudinel strength, esSmale the requiced section moduius for e
forward and s Quartes polrie.

6. Estmats T weight, VCQ, LCO of e midehip and quarter points besed

"

on plefing, scartinge and secional arss.  Compire hess vakues 10 your
estimates.

weight
Dolverables :

Mammmm(m'-rw).
Scantings tadle (mideNp only).

Provide & summary sheet for secton weight, YCG and LCG.
Provide of suppocing calcutaions and checks of aliowable stress.
Provide an ansiysis of the reasonableness of your design.
wumdMWhhmdﬂ

IR T S T

V. Schedue : LT Apdt 10
V. Weighting Fackor : 3

Quidance & Lonohudinel Sirergl
L Generl Procedum :

Reaponsitie Peson :

1. Re-evsiusle T piscoment of Inown welghtsAankage aboard your
vessal taking inle scoount aTangement, ¥im and powedng probleme
sncountered b PSD.

2 Run e longhudinel strenghh porion of the Hydromax program.

. Speciic Design Procedure :
1. Noe
Defvecadies :

1. Obtain rumeficsl autpt for your Sghtship, bumout, sinimum operating
and R4 Joad conditions.

2. Pict he ehewr and momert Sagrame for ol cases.

"

3. Caladsie e madmun mQuired secon modks for sach case.

4. Provide an wnainsls of B resscreblensss of your ouput and comment
on hture remiicalions on material choice and midship design.

V. Schedde : NLT Apri 10
V. Waighting Fectt : 3

Suidance for Bukhead Design
L Genenal Procedurs :

Resporelie Person :

1. MMMI&MVMNM—HMM‘M@
Fet Pisling and SWllsners Subject 10 Water Pressurs. o

2 Usig Tuse referances, design & standard bulheed 1o ABS
requicementy for The despeet part of the ship.

3. Estimale s waight per foot of Deam and using thet ssSmate, calculate
e woight for el Mlihesds and helr VCG and LCG In the transverse

N, Speclic Design Procedurs :

1. Review PNA snd Basic Shp Theory tukhesds. Review
gRage ond Sutcs & Strenghe mmm.mwﬁt:
and sirees.

2 Oelarmine loadng on bulkhead, end condiSong and maxdmum sliowadie

s mwm.mmmm.
B, Delversbies :

1. Prodde a scaled of typical * *
drawing of typical “mideNp®, tank, and colfision

2. Provide & typical scanting table.
3. Provide & table Jor Varsverse bulheads, weights, YCG's, and LCG's.
4. Design hisiory ocumentason.

V. Schedde : NLT Aprl 10

V. Weighing Facter : 2

FIGURE 39. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG
ACADEMY COURSE 1444, SHIP DESIGN/SYSTEM INTEGRATION
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rather than one in naval architecture. The first one after the basic mechanics of
deformable bodies, AOE 3024, is in fact named Thin Walled Structures and is included
in both curricula. Information on this course, including the syllabus, is reproduced in
Figure 42. The content is somewhat advanced for a first course actually dealing with
structures rather than fundamental material, but it is obviously tailored to prepare
students for the differing following structures courses in each of the programs. In
ocean engineering this is AOE 3224, Ocean Structures. The description of this
course, in the same format, is given in Figure 43 and examination will demonstrate
that ships as well as ocean structures such as offshore platforms are involved.
Professor Hughes evidently incorporates the limit state analysis concept - buckling,
fracture, and plastic collapse, for example - in this course much as he did in the text
"Ship Structural Design: A Rationally-Based Computer-Aided Optimization
Approach." (Terming this work a textbook rather than a reference is justified by
comparing it with say the chapters concerned with ship structures in the various
other Society of Naval Architects and Marine Engineers books and several other
references mentioned elsewhere in this section. It does indeed remain the single best
text currently available dealing with marine structural analysis and design.)
Somewhat abbreviated syllabuses for many of the succeeding structures courses
offered by this single department — AOE 4034, Computational Structural Analysis,
AOE 4054, Stability of Structures, AOE 4184, Design and Optimization of Composite
Structures, AOE 4984, Computer-Based Design of Thin-Wall Structures, and AOE
5024, Vehicle Structures — are given in Figures 44 through 48 to illustrate the
advantages in combining the structural offerings needed in two mechanics-based
engineering disciplines so as efficiently to provide viable undergraduate and graduate

programs in both.

Massachusetts Institute of Technology

The situation at MIT is apparently in transition as this is written, but those
undergraduates in the ocean engineering program presumably take or recently took a
course 13.014, Marine Structures and Materials, and the syllabus for this course as
taught in 1994 is given in Figure 49. The combining of classical somewhat advanced
strength of materials topics with the properties and basic science considerations of
materials - as determined by someone as eminently qualified as Professor
Masubuchi - results in a presentation in which matters like fracture and plastic
deformation must be better explained and hence better understood by the
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Novesder 13, 1989

AEROS2ACT AND OCSAN ENCINEIRING )024
STRUCTURES
{ ADP TITLE: STRUCTURES | )
1. CATALOGC OESCRIPTION:

3024 STRUCTURES |
Reviev of sechanics of materials. Strasses in stiffened
shell beass. Deformaticon analysis by energy aeheds.
Mulcicell beams. [atroduction T3 the satrix 931f%ness
aethod {nclud {aq truss and beam elements. Pre: | 4% ]
2004 (28, ¥C), I

{l. COURSE STATUS:
a. Revised Course
b. Combination of present AOC 3281, 3252 and 3253 coverage
c. Effective March 1987
d. Not for Craduate Credic

[If. PREREQUISITES & COREQUISITES:

23X 2004 Mechanics of Deforzabla 3odies lays the founda-
tions for the matecrial i{a this course.

IV. JUSTIFICATION:
This {s tha basic structures course for aezospace and
ocean enqineers. [t (s focused on the Zhia-valled beass
that doainata the constructioa of aerdspace and ocean
vehicles. This course {s & combination of material fzsa
the current (Quartar) coucses J2S5%, $2, S3.

V. EDUCATIONAL OBJECTIVES:
The Cvo major objectives are %0 make the student gala
the physical understandiang of e effect of loads on 3e-
esic 2670 & ocesd struCIuses and O acqualat Chea w:ih
sisple computational techniques needed 37 rough ssti-
mactes of stresses and displaceseacs.

V1. INSTRUCTOR:

2. Hafika, 4360

VIL. TEXTS AND SPECIAL TEACHING ALlDS:
Peecy and Azar, AIRCRAFT STRUCTURSS, NMcCrawv-3ill, 1382.
VIIT. SYLLABUS:

Peczceant of

Course
1. Reviev of sechanics of matecials ) 4
2. Stresses (n stiffened-shell Deans 8%

Skia-stringers agproximatio=
Open secticas: stiresses and stear center
Siaqle-cell closed sections: st-essas
Unsymnetsical sections
3. Deforaatioca analysis by energy sethodsCy
Strain esnergy se%hod
Work-snesgy sezhod
Unit load me™hod
Single-cell closed sectioms: Twist and elas:ic axis
Maxvell's theores of reciprocal displacesmencs
4. Multi-zell Deaas 15%
Stresses and defscdations
Torsional stiflzess and elastic axis
§. Tfatroducsion o the matrix stiflness 225%ad
Reviev of linear aijedbra axd zalrix asithmes:ic
Definizions: d2screte displaceaents. actioes,
and degrees of freedom; flex:21iiZy and
stiffness matrices
Cleseat stifiness 2atrices 132 tiss and Seaa
slements
trsctuse stiffness zatoix by supersosition
Solution for displacements and reac:idas
Computer applicaziong

T

FIGURE 42. COURSE DESCRIPTION OF VIRGINIA TECH AOE 3024, STRUCTURES I
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AZROSPACE AND QCRAN DNGOMEZRING 3234

OCEAN STRUCTURES
(ADP TITLE. OCEAN STRUCTURES)
t CATALOG DESCRIPTION:
22 OCEAN STRUCTURES

Overview of swface ship, svbwmoriae aad offihore strecteral fymesst, sumenals sad loadiags
Agpbcsbos of bears 54 plase deeding and buckiag theorus. Frame sad Sace clement
strectwral analysu Pre. WM (R, XO) 8

a OOURSE STATUS:
& Revisd Coarm
% No mugor changs: revisios of course syGabes
¢ Efactive Jan 1996
d Not br graduase credt
m PREREQUASITES & COREQUASITES:

The rcuired bactgroonds i Bechanics of duformbis bodes and matrix stractacel sealysic s
provided by ACE X024,

V. ASTPICATION
The increasing power sad rraitdBity of dekaoy computens, aad sdvances ie Kmit stae amalysis
(ouckling, fractare, piastic collaces, o ) of lorge is wall strectures are tranckeming e

strochural design procest for shigs sad oceas stractwrst. The tevisions incorporase these aow
oy of strecrerel decign,

v. EDUCATIONAL OBRCTTVES:
Haviag mocessfelly congleted this cowrse, the studeat will be sble 4 (1) identify Ohe varions
Tt oy that pectaia ® soch of the &Surunt typat of cosn strectures; (7) s the agpropries
coaputationnl sigoriha fox sach of Boss limit mae (3) pardrm structrsd aalysia eving e
Saits clesvent machod, (£) dacign sces struchurss Gt can withutsnd the harsh Joad eeviresment
d pacticm theic imimacind faacs

A, DSTRUCTOR:
Ovwan Hughas, 1-5347

VL TEXTS AND SPECIAL TEACHING AIDS:

Toz

Flagher, Owen,  SHIP STRUCTURAL DESIGN: A RATIONALLY-BASED, COMPUTER-
AIDED QPTIMIZATION APPROACH. Scoisty of Naval Axchincs snd Marin Eagineeny,
Jorsey, City, NJ. 1988, 564 pogme

VIL  SYLLAMS L —
Co
Overview of Raticnalty- Bassd, Computer-Aided 1
Strecheral Asalysis 1ad Desiga of Thin- Walied Strachures.
Priacipnl Loadiag aed Srecowal Rasposss of Ocess Strechwres
Basic Aspecw of Finise Beaout Assiysia.
Ple Bending, )

-0 ]

Buckhag of Colunas and Beam Coluas. 10
Buciding sed Uttraste Streagrh of Pating, 20

FIGURE 43. COURSE DESCRIPTION OF VIRGINIA TECH AOE 3224,
OCEAN STRUCTURES

-74 -



Krverter 0%, 1938

ACROSPACT AMD OCLAN DG INELR (NG 40)4¢
COMPUTATIONAL STRUCTURAL ANALYSIS
{ ADP TITLE: COMP. STRUCT. ANALYS. )
1. CATALOG OESCRIPTION:
4034 COMPUTATIONAL STRUCTURAL ANALYS!S

Static and vibratory respoase of framed structures. The
satrix eigenvalue problea (for buckling and (free vi-
brations. Static response of laminated composite plates
by the (finite element method. [Ire: 3124 or 3224.
(38,)C) 1L.

It. COURSE STATUS:

a. Revised course

b. Expansion of the present AOE 4250
¢. Effective March 1987

d. Craduate credit not requested

TIT. PREREQUISITES & COREQUISITES:

Introduction to matrix stiffness method and linear vie
brations of wulti-daqree-of-freedoa systems. AOE 312¢
and AOL 3224 cover these topics.

IV. JUSTIFICATION:

This course {s designed to continue from AOL 3124 or AOC
3224, and presents more advanced coaputerited analysis
of structural statics, stability, and vibrations. This
course Is an expansion of the saterial nov covered {n
AOE 4250. Prerequisites sake this & sgaiocr level course

V. EDUCATIONAL OBJECTIVES:

The objectives ars to provide the understynding of, and
sethode to implement the coaputer solutioa to, the
static and vibratory vesponse of skeletal and continuous
structures found ia vehicles.

VI. INSTRUCTOR:
€. R. Johnson, 6699

VI1. TEXTS AND SPECIAL TEACHING AlDS:

VIII. SYLLABUS:

Percent of
Course
1. Continued matriz structural
analysis by the stiffness
neathod for trusses, frames,
and grids 20%
Distributed loads,
tempacatutre varistions,
structursl sodifications,
symmetrical structures
Rateix algebra and linear
simultaneous equations:
bandedness, sparseness,
triangulacization
2. The matzix figeavalue
Problem 20%
Buckling of coluans
and simple frames
(geometric stiffness)
free vibrations of
sulti-deqgree-of-
freedom structures
Matrix iteration

fatroduction to numerical

Anslysis of laminated

Coaposite Plates
Kicehho!l plate
theory; strain-
displacesent
equations, equi-
librium equations,
boundary conditions,
vertual work
Classical lamination
theory: shear-extension
coupling, extenston-
bending coupling
finite elemant method
for static response
of mid-plane symmetric
laninates: the plane
stress or in-plane
prodlea; the bending
prodlea

FIGURE 44. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4034,
COMPUTATIONAL STRUCTURAL ANALYSIS
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1.

1v.

vi.

vit.

virt.

FIGURE 45. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4054, STABILITY OF

Noveaber 23, 1943

AZROSPACE NID OCLAN ENCIMEERING 40S4
STABILITY Of STRUCTURLS
( ADP TITLE: STAD. OF STRUCTURES )
CATALOG DESCRIPTION:
4054 STABILITY OF STRUCTURES

Introduction to the sethods of static structursal stabil-
ity anlysis and their applications. Buckling of columns
and frames. Energy sethod and approximate solutions.
Tlastic and {nelastic behavior. Torsional and lateral
buckling. Use of stadility as s structural design cri-
;-ttoa. Pre: )06 or CE 3111 or ESM 3080. (3H,3C)
At '

COURSE STATUS:

a. Revised coucrse

b. Expansion of AOE 4600

€. Effective March 1987

d. Graduate credit requested
PREREQUISITES & COREQUISITES:

Basic methods of structural analysis covered in J024 or
CE 3111 or £sSH J080.

(=]

JUSTIFICATION:

This course 18 an elective for AOE, CE and ESH seniors
and graduate studeats. The course iacludes both theore-
tical concepts of stability and applications to struc-
tural engineering practice. To understand the
sathematical theory requires a minimum of senfor level
maturity {a structural analysis. This is aan expansion
of the material covered in AOL ¢4600. The courss {8
croes listed with CT and ESR 40%4.

w

EDUCATIOMAL OBJECTIVES:

The aim is to givre students an understanding of the im-
portance of stability as a governing design criterion
and to provide the basis for understanding the buckling
criteria in desigm codes.

INSTRUCTOR:
€. R. Johnson, 6699
TEXTS AND SPECIAL TEACHINC ALDS:

Simitses, G. WN., [ELASTIC STABILITY OF STRUCTVRES,
Prentice Hall, 1976.

SYLLABUS:

Percent of
Course
1. Introduction Using Rigid Bar

and Spring Models of Real
structures 20%
Concepts and delinitions

of stability

Zuilibrius, energy.

and kinetic methods

of analysis

Forms of instabilicy

bifurcatioa, limit

peoint

Ispecfection seasitivity

STRUCTURES

=76 -

Flexural Buckling of
Coluans
fquilibriua approach;
perfaect and taperfect
columns, Southwell
Plot
Kinetic approach,
load-frequency curves
Enezgy spproach and
ipproximate methods;
Rayleigh-Rits,
Caleckin, finite
di{ference
Elastic support
conditions and
elastic foundation;
critical spring
stitfness
lnelastic behavior;
column design curve
Buckling of Plane
frases
Application of beaa-
coluan theory
Svay buckling
Torsional-Flaxural
Buckling and
Lateral Buckling of
T™hia-Walled Open-
Section Coluans
Monconservative Loads
Beck's Coluan

30%

20%

20%

4

.



AZROSPACE AND OCZAN ENGINEERING 4184
DESIGH AND OPTIMIZATION OF COMPOSITE MATERIALS AND STRUCTURES
( ADP TITLE: DES/OPT OF COMP NATLS )

. CATALOG DRSCRIPTION:

4184

BsM 4184

DESIGN AND OPTIMIZATION OF COMPOSITE MATZRIALS AND
STRUCTURES

Design aspects of laminate constitutive relations,
coupling and decoupling of in-plane and out-of-plane
elastic response. Talloring of laminated composite
materials to mest design requirements on stiffness and
str through the use of graphical and numerical
optimization techniques. Introduction to  inteqer
programming: branch-and-bound method and genstic
algorithms. Stacking sequence design of laminated
cosposite beams and plates via integer programaing.

Pres 3024, CB 3404, or BESX 3084. (3H, 3C) each. 1II.

II. COURSE STATUS:

a. MNev Courss.

b. N/A.

c. BRffective date is Spring Semester, 1993.
d. Graduate credit is not requested.

PREREQUISITES & CORZQUISITES:

EKnovledge of the fundamentals of mechanics of deformable
uurml, and structursl mechanics is prersquisite.
Knovledge of mechanice of composite materials {s highly
recomsended but not required.

IV. JUSTIFICATION:

I1z.

Laminated composite materials are replacing conventional
materfals {n many structural design applications. An
{ncreased nusber of material variables that can de used
to meet design requirements makes optimization an ideal
tool for design. The discrete naturs of ply thickness
and fiber orientation angles that are usad for practical
design situations further requires the use of integer
programming methods. The design of cosposits materials
s, therefore, primarily a stacking sequence
cptimizatioa problem which requires very speclal
optimization tools.

V. EDUCATIONAL OBJECTIVES:

At the successful completion of this course, the
students will be able to design stacking sequence of
laninated compositas optlun{ by making use of unique
elastic properties of the material that couple in-plane
and out-of-plane deformation nodes in a complex manner.
Students will be adble to use novel computer based
prograsming techniques for the stacking sequence designm,
and demonstrate the approach by designing beam and plate
structures for Iin-plane and out-of-plane stiffness and
strength requirements,

VI. INSTRUCTOR:

Zafer Gurdal, ESM Professor, 1-5905 and Raphael T. Haftka,
AOE Professor, 1-4860.

TEXTS AND SPECIAL TEACHING AIDS:

Required Class notes by 2. Gurdal, K. T. Haftka, and P.
Bajela (To be Published). Optional reference textbooks
include:

Jones, R. N. MECHANICS OF CONPOSITE MATERIALS. Fev
York, Heaisphere Publishing Co., 1978. 23S0.

Tsai, Stephen W. COMPOSITE DESIGN.
Think Composites, 1990. 180,

Dayton, Ohio:

Vinson, J. R., and R, L. Sjierakowvski. THE BEHAVIOR OF
STRUCTURES COMPOSED OF COMPOSITE MATERIALS. Boston:
Martinus Nijhoff Publishers, 1987. xi, 323.

FIGURE 46. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4184, DESIGN AND

7.

Introduction to design and
optiaisatica

Laainats constitutive behavior

Rechanical loading (3.35%)
Bygrothersal loading (3.5%)

Coupling response, decoupling
(2.3%)

Design variadle definitions
(2.5%)

Conposite fallure theories

b.

tanina faflure (2.5%)
Laninate fallure (2.58%)

Lasinate in-plane stiffness and
strength design

b.

c.

4.

e.

Ranking, carpet plots (5%)
Graphical optimization (7%)

Graphical stacking sequence
design (3.5%)

Sandvich laminate design
(3.3%)

Design for temperature and
moisture loading (7%)

Stacking sequance design via
integer programsing

Branch-and-bound algorithm

any)

c.

Cenetic search algoritha
(7%)

Stocking sequence design as an
integer problem (3.5%)

design tor

Stacking sequence
bending stiffoess and strength

Bean deasign for buckling
(%)

Plate design for buckling
(graphical) (2%)

Plate design for buckling
(computational) (108)

Expert systess and mgﬂca.l 3
intelligence in composite design

b,

systess for composite
design (3.5%)

Neural networks for composite
design (5.5%)

OPTIMIZATION OF COMPOSITE MATERIALS
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11.0%

!
|

-
O
L4
-




FIGURE 47.

AEROSPACE AND OCEAN ENGINEERING

Progoml for o New Cooon
ACE u
Computer desed Desiga of Thia-Wall Strectures
ADP Tile: COMP. STRUCT. DESIGN n
CATALOG DESCRIPTION:
v

4984 Computer-based Desiga of Thin-Wall Structwres

Whm‘mmwnmdm&hhmwﬂmm
analysis, limit state analyxis and optimization (for ese in the analysiydesiga projects).
Buckling of plates, stiffened panels and cylinders. Eigeavalue methods for bucking
and vitestion. Incremental plastic collapse; other progressive collapee. Ukimate
strength of large structural modules. Approtimately six computer-based bieit
analysisidesign projects, of increasing scope and realism, are assigned throughout the
course.

Pre: M4 or 3226, BH, ) L
COURSE STATUS:
New course; to commence Spring 1996; 1 semester. Oraduste credit is requested.

PREREQUISITES:

Some of the material in the AOE 3124 and AOE 3224 is essential for this coarse:
mwmmwammmmmu
simpler types of sructural faiture.

JUSTIFICATION

mwuﬁncmmdanﬂnbﬂkydddmpmnddmnuihw
mmmm&m.mm«.)dwm“ﬂmm
transforming the stroctural design process for strucrares. Incressingty the various bimit
umnmuﬂﬁywmw’.nm)mdmudb
formulate the constraints for a mathematical optimization process which produces &
oﬁmummﬁuhhdﬁ'wsqﬁdmdm
'm.mmmmuwummudmmmﬁm
bim/her:
(1)  aa enderstanding of the various types of strocrural failure and other Bmit states
that can occur in large complex thin-wall stroctures '

@) ¢ knowledge of the compoter-based algorithms et are aceded 1 perform timit
sate amalysis
()  bandscn experience, through 8 series (spproximately six) of increasiagly

conmprehensive and realistic computer-besed Emit state analysis sad optimuce
structural design projects.

This course builds ca the jumicr level courses AOE 3124 Aerospace Structures and
AOE 322¢ Ocesn Structures, which give simply aa overview and some of te
fundamenals (e.g. the besics of finite elemeat analysis, and the simpler types of limit
states). This course covers the mare complex types of limit states and mechanisms of
failure for structures of differing geometry and loading: aircraft, ships, and other thin-
wall structures. Besides the theory, it also presenus the computatiansl algorithns that
are required for these limit state analyses.

The computer-based projects give the srudent & firsthand knowledpe of how the theory
and the algorithms are actually used in moders computer-tided optizum srectural
design andior limit state analysis. This practical experience greatly assiss the
mmngm:ppmdmmpanwﬂm“ndomtay
experiments in the narural siences. | also gives the srudent some experience i the
d&p“mnvﬂkhummknmhﬂd‘mumn

Gracuaate credit is requested because this is 2 relatively new developoent ia sructund
design. 1t is more thorough and # involves more theory (ar “engineering science” of
“first principles approsch”) than the tradiional senicr gructural desipy course. Many
aercspace and/oe xean engincering deparuments 30 ot yet leach thas new, more
comprebensive approach, and therefore many wcaming grauate stodents will ack be
familiar with 2.

.78 -

viL

EDUCATIONAL OBJECTIVES:

Having succemsfully completed this courss, the student will: (1) dave 3 good
nowiedge of the veriom Enit gaicy tat pertam 0 tach of the different types of th
wal) sructures: (2) be facnilias with the coputational algarichg for dealing with
thees Emit saseg; (3) sadereand how e various lmit states are ibscprated o 3
*rationally based® optinus design method, by constituting some of the “constraines”
mmmunwmuw-qhupms
Emit state aralysis aad o esing & moders computeraided optimum sractura) design
method

mmuc}ot

Professar Owea Hughes, 5747

TEXTS AND SPECIAL TEACHING AIDS:
Text

Hughes, Owen. SHIP STRUCTURAL DESIGN: A RATIONALLY-BASED,
COMPUTER-AIDED OPTIMIZATION APPROACH. SNAME, fersey City, New
Jersey, 1988, - 564 pagen.

Manual for the computer4ided desiga projects:

USER'S MANUAL FOR MAESTRO. Proteus Engineering, Sevensville, MD, 193¢
220 pages.

Special Teaching Aide
None
SYLLABUS
Topic Percent
of
Course
. Modefing Mechods for Computer-Aided Structun! Desiga s
2 Bocking (elastic and inctastic) of Plawes 1
3. Buckiing (clastic snd inelastic) of Stiffened Panels 20

¢ Buckling (elasc md inchtic) of Siffened Cylinders is
S, Duckling md Vibration by Eigravalue Methods 1s
& Faiuwe of Large Stractural Modules Due 1 Bending and Shear ~ §
7. Methodology of Computer-Based Stuctural Design 15 &

COURSE DESCRIPTION OF VIRGINIA TECH AOE 4984,
COMPUTER-BASED DESIGN OF THIN-WALL STRUCTURES



11.

11t.

Iv.

vi.

viI.

vIit.

Rarch 19, 108¢

AGROSPACE AND OCEAR ENGIMEERING $024
VENICLE STRUCTURES
C ADP TITLE: VENICLE STRUCTURES )
CATALOG DESCRIPTION:
5024
YEKICLE STRUCTURES

€xact and spproximate methods for analysis and design ef
aerospace and sarine structures. Stresses, Straing,
Censtitutive Equations, Boundary Value Probleas, and Twe
Dimensionsl Elasticity. Tersion. Variastional Metheds,
Virtual Work and Energy Principles, Structural Mechanics
Theoreas, Traditional Approxisate Methods and Laminated
Plates. (3H,3C)

COURSE STATUS:

8. Redified Caourse
®. Revision ef AOE 5221, 2,3 sequence inte single course

€. Effective Fall 1783
PREREQUISITES & COREQUISITES:

JUSTIFICATION:

Aa sccurate stress snalysis ef varieus aerossace and
ocean structures 1s 3 prerequisite te their ostimua do-
sign. In practice, various exact and appreximste analy-
318 techniques are used te perfora such an asnalysis.
There 13 3 need te teach our graduate students a course
that prevides an indepth knowvledge of concepts ia ad-
vanced Structural Anslysis techniques and also helss
thes fin the understanding ef various cancepts of Struc-
tural Rechanics.

EDUCATIONAL OBJECTIVES:

The educational objectives of this ceurse will de te im-
part a coaprehensive Kknowledge of various concepts eof
Structural Mechanics as esployed in the analysis and de-
sign ef aerospace and asrine structures. This knowledge
will alse prepare the students teé take ether, mere spe-
clalized, courses in Structures.

INSTRUCTOR:
R. K. Kapanis ~ 4881, R, T. Naftka - €840

TEXTS AXD SPECIAL TEACHING A1DS:

Reddy, J. N., "ENERGY AND VARIATIONAL METHODS IN APPLIED
MRECHANICS.® John Wiley, MY 1984. Alse class notes.

SYLLASUS:
Parcent of
Course
PART A (THEORY OF ELASTICITY)
1. Introduction, Stress and s
x

Strain
Strass and Strain at a
point, Stress Teansors
and Cauchy's Forsula,
Lagrangian and Eulerian
Variables, Rotation
Tensor, Transformsation
of Stress and Strain
Tensors, Princisal
Stresses, Princisal
Planes, Princiral Axes
ef Strain, Comoatibdility

€quations.

2. Constitutive Eauatiens an¢
Other Censidecations 152
Generalized MRooke's Law, .
Anistotropic Materfals,
Tenser of Elastic Con-
stants, Strain Energy
Density Functien
€lastic Syssetry,
Transforsatien eof
Elastic Modulls,
Relatien among Elastic
Constants, Boundary
Yalue Probless fer
Linear Elasticity,
Saint Vensnt's
Principle, Uniqueness
of Selutien
3. Torsien 20%
Torsion of Circular
and Moacircular
Sectiens, Thin Walled
Sections, $ingle ang

Multicell Tubes,
Warping Function,
Divergence of alrcraft
wings, Axial constraiat
for thin walled sectiens
under tersion
PART B (APPROXINATE NETNODS)
3. Virtual Work and Easrgy
Princisles 202
Work ané Energy, Strain
and Cosslesentary Energy,
Princisles of VYirtual
Displacements, Unit
Duesy Dfsplacesent
Rathed, Principles of
Tetal Petential
Energy, Virtual
Ferces and Coaplescsantary
Potential Energy, Unit
Dussy Lead Nethed.
Castiglfano’s First ane
Second Theoress, Naxwell-
Betti Reciprocal Theorem.
Traditional Asprexisate
(e.9. Ritz, Caleskim,
least square and cellecat~
fon) aethods. Apprexisate
Nethods te Analyze Afrcraft
Wings under Asrodynamic
Loads
2. Analysis ef Thin Lasinated
Plates 186x
Eauations of Notion fer
Isotropic and Thia
Laminated Plates,
Kirchoff's Theory,
Exact and Aporoxisate
Solutfons of Banding
af Plates, Thermal
Stresses, Analysts
of Delta Wings and
Control Surfaces
3. Analysis of Thin Lasinated
Shells 15%
Equations of mation for
cylindrical and
spharical shells,
Axisymmetric, Asymaetric
and Edge loads, Shallow-
S$hell Theory., Inextensional
Shell Theory,; and Meabrane
Shell Theory. Analysis of
Rings (Sulkheads).
Analysis of Aerospace

Yehicles
1002

FIGURE 48. COURSE DESCRIPTION OF VIRGINIA TECH AOE 5074, VEHICLE

STRUCTURES
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Course Syilabus, Fall 1994

Introductios
Atomic structares of maseriale
Axial force. shear, & bendiag moment

Alloy sysiems
Bending stresses

Neo Class
Basic metallturgy of sieel
Composite beams

Columbdus Dey (No Class)
This-walled shells
Thick-walled shells

Composite shells
Quiz |
Yield

Fracture Crierion
Mechanisms of increxsiag streagths of alloys
Inclastic bendisg

Fundamentals of mechanical properties of metals

5.1.5.10
6163

6t
1118

10.1-10.7
1119, 21-29
1132 3438

193.10
B NIDRS

$.158.18
$19420
610 10.12

Awmic mechanisms of plastic deformation and fracture
Atomic mechanisms of plastic deformation and fracture

Plastic limit analysis
Joiniag and curtiag
Veterans Day (No Class)
Structoral instabality

Joining and cuting lechaclogies
Column buckling

Quiz 2
Briule fracture
Thenksgiving Holiday (No Class)

Elastic strun enerpy
Britde frxcture
Examples using 2ergy nethed

Vinual work
Faugue fracwre
Castigliano s theccem

Duochhouse 3nd s e tures
Project Presentations

135139

1§48

100 L4

PS# Ow

PS#1 Due, PS#2 Ow

PS#2 Due. PS8 Om

P53 Due. PS4 O

PS84 Dus

7585 Om

P585 Dus. PS#6 Ow

PS#6 Due. PS#7 Om

PS#7 Due. PS#8 Owm

PS8 Due

PS#9 Out. Term Prosect

PS#9 Due. PSs12 0

25510 Due

Term Prosevt Due

FIGURE 49. SYLLABUS FOR MIT COURSE 13.04, MARINE STRUCTURES AND

MATERIALS
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undergraduate students enrolled. At the master's degree level, and specifically in the
Naval Construction and Engineering program for naval officers well known as Course
XIII-A, Professor Alan Brown has provided the two course flow charts reproduced in
Figure 50. Figure 51 gives a description of 13.410, for some reason entitled there and
on the flow chart Introduction to Naval Architecture even though it is obviously a
basic solid mechanics course. The 13.111, Structural Mechanics, course taught by
Professor Wierzbicki is described in Figure 52 and examination of the topics listed
establish it is largely concerned with plates and shells and would seemingly be very
challenging if preceded only by 13.410. The insertion of 13.10J, Introduction to
Structural Mechanics, should help and so it is described in Figure 53. The brief but
current catalog descriptions of these and several other structures courses are
reproduced in Figure 54, but that and other publications do not provide a coherent or
representative listing the individual courses that must be completed satisfactorily to
earn any of the various graduate degrees awarded. With the availability at MIT of
very many other structural analysis and design courses offered by departments other
than Ocean Engineering, however, graduates should be able to complete programs in
this field fully consistent with the image this institution enjoys.

Texas A&M University

The first undergraduate structures course in the ocean engineering curriculum
at Texas A&M is OCEN 345, Theory of Structures, and the syllabus for it is as given
in Figure 55. The topics included in OCEN 301, Dynamics of Offshore Structures, are
given in Figure 56, and those in OCEN 686, Offshore and Coastal Structure, are listed
in Figure 57. These make clear that the undergraduate and graduate programs at
Texas A&M are wholly devoted to offshore and coastal structures and not at all
concerned explicitly with ships.

Florida Atlantic University

While the two undergraduate courses of interest at Florida Atlantic are in fact
technical electives, they are included among four in the structures option that
requires three of the four courses listed be completed. One of the others is entitled
Design of Marine Concrete Structures, but EOC 4414, Design of marine Steel
Structures, and EOC 4410C, named Ocean Structures in the curriculum list but
evidently Structural Analysis I at present, do include ocean engineering applications.
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CURRENT AREA CONCENTRATION IN SHIP STRUCTURES AND STRUCTURAL FABRICATION

Figure 4
13410
— —1  intredution
[ Nowdl Archiechse
v
l 1318 13411 1340
Maforinis kv Ocemn Sruchsd Weidng
Engreeng Mechenics Engineerty
iz
1 ________ _a] Shp Snctud nae
" ”"f""w“ for Cosan Veticies
Pro Summer 13.412
dvarced S 1 _— Salety of Marhe
Production Syetems
13.412 2082
Principhes of Nevel sy Mathods of
Ship Deelon Cerroskon Ergierrg
PROPOSED AREA CONCENTRATION IN SHIP STRUCTURES AND STRUCTURAL FABRICATION
Figure 2
3.00
Stnucture snd
Properties of
Meterias
) 13100 EE 14
1 strucw Weidng and
Mechanics Joinirg Procesess
13122 na
Pates a0 Shate s wigesy Ovsp Prrces
Oeslgn
13.PRO0 13,442
Ship Fabriceion —— P Safety of Merre
and Production L Systems
13,412 2.082
o “I o::.“ c;?m Mathods of

FIGURE 50. ARRANGEMENT OF STRUCTURAL COURSES FOR MIT III-A, NAVAL
CONSTRUCTION AND ENGINEERING PROGRAM (COURTESY OF ALAN
BROWN)
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13.410 Introduction to Naval Architecture
(Mechanics of Solids)

Text: An Introduction to the Mechanics of Solids. S. H. Crandall. \. C.
Dahl & T. J. Lardner. McGraw-Hill. 1978.

Course Schedule

. Introduction & Fundamentals of Mechanics {Chapter 1)
. Equilibrium of Rigid Bodies and Free-Body Diagrams {Chapter 1)
Deformable Bodies (Chapter 2)
Statically Determinate & Indeterminate Structures (Chapter 2)
Stress & Strain (Chapters 4 & §)
Mohr's Circle (Chapter 4)
. Equations of Elasticity (Chapter 3)

8. Initial Yield (Chapter 3)

9. Fracture & Fatigue (Chapter 3)
10. Pressure Vesoels (Chapter 5 & Class Notes)

o Thin-walled cylindrical & spherical shells
o Thick-walled cylinders &: spheres

11. Elementary Beam Theory
¢ Bending moment and shear diagrams (Chapter 3)
¢ Bending stresses and shear flow (Chapeer 7)
e Composite beams (Chapter 7)
e Deflection (Chapter 8)
o Torsion (Chapter 6)
e Beam buckling (Chapter 9)
o Yielding and plastic beam analysis (Class Notes)

- Inelastic bending and ultimate strengzh 'Class Notes)
- Plastic buckling |Class Notes)

LR O o

FIGURE 51. SCHEDULE FOR MIT COURSE 13.410, INTRODUCTION TO NAVAL
ARCHITECTURE
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13.111 STRUCTURAL MECHANICS
Fall 1995

in Room [-242

COURSE INFORMATION

NSTRUCTN Tomasz Wierzoicki
Protessor of Appried Mechanies
R00m $-218. Ext. 52104
«fice Hours: “Monaay & Weanesaay . .0 2.0
Friday ::.90-:2.50

SEACUING a3SISTINT iami Boulahbai
Room $-014A. Ext 54966
Office Hours: Monday. \Wadnesday i 00 - 2.30
and by armangement

GRIOING 20177 3 Quizzes 125% excan 5%
-0 Problem Sets 3%
MEVORK Assigned each Wednesaay.

0 be returned the ollowing Wednesaav

Taere nil be 3 cenaity 19¢ unexcused i2ie nOMEWONR.
Zxcuses snound be airectea 10 the T A. of the 13cuity
aneaa of time.

SEFSRENCE 300K, 1. C. Cgural. Stresses in Plates and Shells. MeGraw Hill

SLPR EMENTIRY SEADING.

+ inang H Shames ana Clive L. Dym. Energy and Finite Element Methods
1 Structuras Mechanics. McG:aw Hill

2. Timosnerxo ana “Maaowsky-xlteger. Theor: of Plases and Shells.
“leCran =il

COURSE QUTLINE

. Concept of Strin
o Oac-Dimensional Case
o Initia! and Current Coordinates
¢ Elements of Tensor Analysis ®
¢ Derivation o Strain Tensors
s Stran-Displacement Relsuoas for Moderstely Large Deflections of Plates

Coacept of Stress

o One-Dimensional Cone
¢ Work Equivakence

¢ Three-Dimensviona) Case

Theoey of L:zgar Elystgnty
o Suress-Strain Retatons
o Elastic Strain Lo sy and Complementary Energy
o 1. 0Caw 223 3 D

\anauongl Posaipivs of Clatery

* Pancipat vt Sationano of Total Potenual Energy
Prncipal o Minunum Pienuat Energy

Castighano ~ Thuorems

Approximation Methods

Ritz Methay  Gulerkin Method and their Equivalence

Appheation vt Vanuuongl Methods for Derivaton of Equilibnum Equations
e Three-Dimensional Body

o Equilibnum vl Plates

« Equilibrium of Shelks. General Case

¢ Rotationally Sy mmetric Shells

STRUCTURAL MECHANICS

-84 -

h. \Moderately Lorye Detleciion of Plates
o \anaucnai \pptorch
¢ Equilibnum
o Boundary Cunuitions
s Examples

7. Elasik Subility of Structures

General Concept

Adjacent Equilibrium Versus Encrgy Method
Lincaxr Suability Equations of Plates

Buckling Solutions for Rectangular Plates
Buckling of Stiffened Plates

Ukimate Strength of Plates

Elastic-Plasic Buckling

8. Buckling of Cylindncal Shells

General Equats

Applications. Uniform Exiernal Pressure

Axial Loading

Combined Louding

Torsional Buckhing

Imperfecuons and Compansoa with Experiments

9. Bending of Sheils

o Thin Shell Approximation

o Shaflow Shelt Approximatioa

¢ Membrane Nhells

* Applicatioas, Crlinders, Cones and Spheres

10. Transverse Shear Effects in Beams, Plates and Shells,
Basic Concepts in Sandwich Structures

FIGURE 52. COURSE INFORMATION AND OUTLINE FOR MIT COURSE 13.111,



1.

7.

FIGURE 53. OUTLINE FOR MIT COURSE 13.10J, INTRODUCTION TO STRUCTURAL

- . Tay - . vy

The concept of stress

Stress tensor

Caucay fornula

Princ:7al stresses

Stress ceviater

Plane stress

Mohr zircle

Rotaz:on of ccordinate systea
Polar and cylindrical coordinates

The concept of strain

Stra:n seasures

Strain and spin tensors
Physizal interpretation
Pla:n szran

Un:axial straia

Elastic constitutive equations

Lace c:=nstants

Yourg's nodulus and Poisson's ratio
Isotropy and hcaogeneity

Sicpie states: hydrostatic loading
Unfaxial stress and pure shear
Hook's law for plain stress

The concept of equilibrium

Egs:ilitriua of a 3-dimensional =ady
Gererylized siresses
Eguilitrium c? a tean
EfZa-zs of larze r:staticns
Iysilitriva ¢f & 2cering line :»
Eqeilibriua vis the crincipies 37 <virtual vork

Elemantary theory of beams

Love - Kirchhott hypothesis
Integrated constitutive equation
Classical bending equations
Boundary conditions

Example solutions

Effects of large displacements

Energy methods in elasticity

-

-

Bending and meabrane ensrgies

Total potential energy

Equilibrium via variational formwulations
8oundary conditions

Ritz and other approxisate methods
Exanmples

Stability of equilibrium - buckling

Discrete column - illustration of basic concepts
Trerrez condition for stability

Colunn tuckling as an eigenvalue prodblem

tuler formula

Plastic buckling

Design of columns - buckling curve

Elementary plasticity

-

7ield condition as a failure criterion

Sehavior teyond initial yielding

Plastic flov and strain - hardening

Necking and fracture

Plastic bending - the concept of a plastic hinge
Limit analysis

Crushing of circular and prismatic tubes

MECHANICS
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13,014 Marine Structures and Materisls

Preceq.: 2.001, 18.09
u(y
309

Funcamentals of sokd mechanics and
metarials 9cience needed for design end
Wmdmmu,fop‘ur«m
10 900G mechanics include advanced beem
theory, beam buckling, plastc beam responss.
and structursl telre. Topics related 0
mmmwmmd

mm,phmdagmm.mdwicdpfopu-
techniques.

13.104 Introduction 10 Structural Mechenice

(Same subject as 1.573))
Prereq.: 2.01 or 2.001, 18.03
am

4-0-8 H-LEVEL Grad Credit

Fundamentad concepts of structural mechanics
with appications 10 masing and civll structures.
Gaveming equations

is of beams, columng, 8nd shalts. Exact
and approximate methods for analysis of stst-
Cally indetsrmingie STUCKIES, ONeIgY
methode, panciple of virusl work. Elastic buck-
fing of columns. Exampies from busses, build-
ings, ships, and cables.

13110 Introductory Structursl Anelysie

meets with 13.111)
Prereq.: 13.014
G{1)
301

Concepts of datormason and equitibdum of
one-Gmensional struckures (bars, beams,
m.wm;.e«mmm‘m
ciple of vickual work and e0edgy methods in
g Galarion. Effect of geometry changes.

of discrete and continuUOUs columng.
Indarpretations and experimental verification.
Taught in the irst five woeks Of the term.
Maets with subiect 13.111.
T. Wierrbick

13.111 Swrvchursl Mechenies

13.18 Motecisle for Ocesn Englnesring

(Subyect moots with 13 110)
Prereq.: Perrmission of Inetuctor
av)

308 H-LEVEL Grad Credt

Concept of dedormabon and equilbxium in con-
tnuum mechanics and plste and shell snuc-
tres. Derivation of elasic stress-svan
rolations for piate and shel slements. Banding
a0 budkding of plates. Nonknear
effects. Post-bucking and utvmate
Wo‘W:ﬁﬂMpMMh
naval architechre. Goneral thaory of slasic
shelis and wdsymmatric shelis. Bucking and
thmbdcwwm.m

13.112 Safety of Marine Systems
(New)

Prareq.: 13.014 or 13.410, 13311, 1342,
13.121

G @
318 H-LEVEL Grad Credt

Maring safely regriation with historical
pacspective. Ship grounding and colision in-
case swdios, methods for

Prereq.: 13.111, 13.14 or 13.410
@
3-2.7 HLEVEL Grad Crei

Ship longitudingl strenglh and tu primery
stresoes. Ship structunal design concepts. El-
foct of supersiructures and dissimiar maledals

- 86 -

13.18J Fracture of Structural Materiale

(Same subject as 3.90), 1.591J)
Prereq:2.30 0r 3.11 or 13.18

13.17J Weiding Enginesring

(Same subject as 3.38J)
gm: 1348

13.410 Infroduction 1o Naval Architecture
(Revised Content and Units)

Preceq.: —

FIGURE 54. CATALOG DESCRIPTIONS OF SELECTED MIT STRUCTURES COURSES




Class Daie Topi Read

| 1718 Introduction Chp. |
2 1720 Basic Coocepls 2129

3 172)  Work and Energy 2.102.14
4 1725 Virtual Methods 2.152.17
s 1727 Examples

6 1730  Stiffacss and Flexidility 218219
7 21 Rections Chp. 3
| 2/}  Examples

9 26  Visual Analysis Nokes by Prof. Roschke
10 28 Beams and Fumes 5.1-5.8
" 2/10 Shear and Moment Diagrams 5659
12 213 Euample 5.10:5.11
13 215 Influence Lines (IL) 6.16.3
14 217 Mueler-Bresau's Principle 6.4

1S 220 UseoflL 6.56.6

(Evening Examination 2/21: 7:00-8:30 p.m.)
16 X Exampla

17 2724 Deflections of Strctures 1113
18 2727 Virhal Work Method 1416
19 3/1  Deflection of Beams $.133
20 3/3  Examples

21 3/6  Energy Metbods s.10

22 38 Euampls

23 3/10 Sutic Indcierminacy 9.19.4
(Spring Break)

24 320 Alemative Analysis 959.7
25 3722 Subally Indeterminate Structures 9.399
21 327 Suppoct Scitlements and Elastic Supports 10.5-10.6
28 329 Examples

29 331 Sutcally Indeterminate Trusses 10.10-10.11
30 43 Examples

31 4SS  Slope-deflection Equations 1114
32 47 Frame Problems s

33 /10 Examples 1.6
(Evening Examination 4/11/95: 7:00-8:30 p.m.)

M 412 Bquilibrium Method for Truss Analysis 1.9
(Holiday on 4/14)

35 4/17 Equilibrium Equations by Energy Methods 11.10

36 4/19 Examples

37 421 Moment Distribution Method 12.1-12.4
33 424 Examples 1.8

39 4726 Matrix Methods of Analysis 13.1-13.3
40 4728 Member Stffness and Flexibility Matrices 13.4-13.7
41 5/t Transformations and Examples 13.8-13.9

42 S/3  Review

Einal Framination: Friday, § May 1995: 10:00 a.m.-Nooa

FIGURE 55. SYLLABUS FOR TEXAS A&M COURSE CVEN 345, THEORY OF
STRUCTURES
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OCEN 301. DYNAMICS OF OFFSHORE STRUCTURES
FALL 1994, MWF 3:00 - 3:50
Instructor: Dr. M. H. Kim (Rm. WERC 236B, Tel. 847-8710)

Prerequisite: OCEN 300, CVEN 345, and Computer Programming Skill

FIGURE 56.

TOPICS

PART 1. Review of Vibration Analysis

1. Introduction

2. Free vibration of single-degree-of -freedom linear systems
3. Forced vibration of single-degree-of-freedom linear systems
4. Two-degree-of-freedom systems

o Examination [

5. Multi-degree-of-freedom systems (introduction)

8. Continuous systems (introduction)

PART II. Application to Offshore Structures

7. Various offshore structures

8. Design consideration

9. Dimensional analysis

10. Eavironmental loads (wind, wave, and current loads)
11. Review of regular and irregular wave theory

¢ Examination Il

12. Wave loads on offshore structures (Morison equation)
13. Dynamic system modeling

14. Responses of offshore structures

15. Design wave loads and statistical design method

16. Elementary mooring analyses

¢ Final Examination

TOPICS LIST FOR TEXAS A&M COURSE OCEN 301, DYNAMICS OF
OFFSHORE STRUCTURES
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CVEN 688 Oﬂthoro lnd SVC:;M Structure

instructor:  Dr. J.M. Niedzwecki
Department of Civil Engineering

Office: CE\TN705C

Telephone: 845-1993

Office hours: As posted or cafl for an appointment.

Lecture: MWF9-9:50 CVLB 114

Jopice

1.  Offshore and Coastal Structures
Design Considerations and Procedures

2. Waves and Structures
Enviconmental Forces
Wave Force Equations

Physical Model Testing

Design Wave Approach

Dynamic Analysis and Simulation Methods

Estimates of Wave Characteristics & Structural Response
Diffraction Analysis — (Dr. J. Roesset, ime TBA)

Mid-semester Examination (Wednesday March 6, 19391)
8. Offshore Stmctures

N® s

thed*ﬁd(e( Structures
8.  Pie Driving Analysis — (Dr. L. Lowery, week of March 18, 1991)
10.  Gravity Platforms

11. WavelvwactLoadhgonPlatfonnDedts~(Dr.R.Merder.Apﬂa.1991)
12, Mooring Analysis — (Dr. H. Jones, week of Aprl 7, 1891)
13. Compfiant Platforms
14.  Coastal Structures
Seawalls, Bulikheads, Revetments, Piers and Wharfs
Groins, Breahvatersand
15.  Pipelines & Outfalls

Final Examination (Monday May 6, 1991, 8-10am)

FIGURE 57. TOPICS LIST FOR TEXAS A&M COURSE CVEN 686, OFFSHORE AND
COASTAL STRUCTURE
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They are described, in the ABET format, in Figures 58 and 59. Brief catalog
descriptions of a number of pertinent available graduate courses are reproduced in

Figure 60.

Florida Institute of Technology

At Florida Tech undergraduate students in the ocean engineering program
complete a basic deformable solids course, MAE 3082, and the first structures course
is CVE 3015, Structural Analysis and Design. This course is described in the ABET
format in Figure 61, and can be seen to be typical of most first civil engineering
structures courses. The single ocean engineering structures course offered is
OCE 4574, Structural Mechanics of Marine Vehicles, and this is described also in the
ABET format in Figure 59. This is a required course in both the Marine Vehicles and
Ocean Systems and the Materials and Structures options in the graduate program.

Technical University of Nova Scotia

As indicated in the previous section, the program at Nova Scotia is only at the
graduate level and of some 16 individual courses available for naval architecture and
marine engineering students five deal with ship and platform structural analysis
and/or design. ME 6700, and ME 6705, Dynamics of Offshore Structures I and II,
focus more on jacket-type and even gravity-based structures; but ME 6820, Ship
Structure Analysis and Design, is ship oriented. ME 6870 and ME 6875, Theory of
Ship Structure Analysis I, and II, together include a more rational approach using a
probabilistic approach to loading, some treatments of reliability concepts and plastic
analysis, and, interestingly, consider springing along with slamming in dealing with
hydroelasticity. The catalog (calendar) descripﬁons of these five courses are
reproduced in Figure 63. With a wide range of graduate-level structures courses also
available in civil engineering, in applied mathematics, and among the other courses
offered in mechanical engineering the situation at Nova Scotia demonstrates that the
absence of an undergraduate program in naval architecture or ocean engineering at
an institution with strong programs in other engineering disciplines - but in civil and
mechanical engineering particularly - can offer a viable and worthy program at the

graduate level.
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BOC 4414 - DESIGN OF MARINE STEEL STRUCTURES
Spring Semester 1995

1994-95 Catalog Data:  BOC 4414: Design of Marine Steel Structures, 3 credits.
Prerequisites: BOC 3150 (Strength of Maserials) aad BOC 4410C -
Structural Analysis |
Undertying theory and design of structural sieel members and their
incorporation iato beam, truss and frame structures. Case study of aa
Oceas Engineering application based upoa current American Institute
of Sweel Construction specification and design manual.

Textbook: McCormac, Jack C., *Structural Steel Desiga: LRFD Method®,
Harper and Row, 1989,

Instructor: Hector Vergana, Visiting Professor of Ocean Engincering.

Goals: nueoumhhtuxdedb(l)Mmhnbbeddpof

frame structure in an ocean engineering application.
Prerequisites by Topics: 1. Strength of materials.

2. Structural analysis,
Topics: 1. Principles of steel design,
2. Tension members.
3. Axially-Joaded columas,
4. Beams,
S. Beam-columns.
6. Connections,
7. Case study of ocean engineering structure.
Homework, Tests and Projects:
1. Homework problems involving aspects of design covered in class are assigned on a weekly
basis and graded (20%).
2. Mm&mmmﬁmdummemml),pluaWﬁmImumem

of the term (30%).
3 mmmwmum»mmmwmm
design of 3 marine steel structure (20%).

Estimated ABET Category Content: Engincering Science: | 1/2 credits or 50%
Engineering Design: 1 172 credits or 0%

FIGURE 58. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4414, DESIGN OF
MARINE STEEL STRUCTURES
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BOC #410C - STRUCTURAL ANALYSIS 1
Pall Sementer 1995

1994-95 Catalog Data:  BOC 4410C: Structural Asalysis L, 3 credita,
Prerequisite: BOC 3350 - Strength of Materials
gwmdmmdmmmmmm

Textbook: Hibbeler, Russell C., *Structural Amlysis®, 3nd Bd., Prentice-Hall
Pubtishing Company, 1995,

Coordinator: Wamner Lansing, Visiting Professor of Ocean Engincering.

Goals: This course is designed 1o give senion in oceen engs the ability ©
structizres by classical methods, the course, classroom
discussions, Iaborasories and tests all relate 10 practical ocesn

structure design goals as much as possible,

8
¥

Prerequisites by Topics:

T
g :

it
+

and moment,
bending
and straia,

EE?? g

‘%-%5
:
g:

i
j

Y Y Y Ny e Y Sl it
% g

Laborasory Projects (each consisting of two bours of lab work phs & repor:

1. ing of si modd of dock =od ison with jons of

2. Engincering work station MDM analysis of Prat truss for offshore crude ol handling facility.
Study of analysis results.
3. Same as Lab 2 except structure is multi-span beam.
Estimated ABET Category Content:  Engineering Science: 1.5 credits
Englacering Design: 1.5 credits

Prepared by: Date:

FIGURE 59. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4410C,
STRUCTURAL ANALYSIS
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goC 6192 Adv, Mechanics } creaite
grerequisite: ZoC 31350

gnin and thick walled cylinders under external hydrostatic ocean
reB8B8Ure. Beams on elastic (oundations. Energy methods, bandling
ooks and curved beams., Coatack stresses. Buckling probdleas.

gnelastic bshavior of bsans. Theorles of fallure.

3 credits

EOC €132 Iheoxy of Platas
frerequisites BOC 31%0
Plate elements in ocean structures. Analyeis and design of plate
structures. Includes linsar theory, large deflection theory and the
effects of shear deformation.

EOC 6154  Theory of Elasticity
Prerequisite: EGC 3150 )
Classical formulation of the mathsnatical expressions for state of
stress and. etrain in a three dimensional medium. Constitutive
relations for linearly elastic materials. Solid bodies as boundary
value problem, Plane stress and plane strain. Deep submergence
effect on yleld surface.

3 credits

hoda 3 credits

EOC 610 Finice Ele

Prerequisite: EOC 3156
Pinite element approach to the solution of elasticity problems.
Emphasis on displacement methed, using direct stiffness approach for
generation of overall stiffness matrix of a structure. Energy method
for elemental stiffness matrices.

3 credits

ECH 23 Structure Interactiof
Prerequisite: EOC 6180

fc interaction between fluid and solid systems. Hydroelasticity,
hydrostatic divergence, galloping vibrations and stall flutter,
vibrations of a pipe containing a fluid flow, and turbulent flow over

compliant gurfaces.

3 credits

Prerequisite: Permission of Instructor.
This course covers the use of composite materials in engineering
applications. The course covers the folloving topics: non-isotropic
mechanical behavior; mlcromechanical behavior of lamina and fibers;
bending, buckling, and vibration of composite materials; matrix and
reinforcement materiale for composites; manufacturing techniques for
composite materials.

3 credits

A, AR 2 W

Prerequisites: EOC 6132, EOC 642S

Basic features of dynamic loading and response, physical propertles of
dynamic analysis, environmental loading, flovw induced vibrations,
calculation of the dynamic response of typlcal structures, effects of
structural vibrations, use of models to predict dynamic loads and the

respoense . of structures.
3 credits

A0, 59K-LY4 QC2af SEXICCULSA
Prerequisites: BOC 3114
Hethods of analysls for elastic ocean frames subject to time dependent
loading: vibration theory applied to structural systems; nodes of
vibration, energy methods, and damping.

Q& 0438  QLI3NQr@
Prerequisites: EOC 6152
Basic structural systems, environmental loading, fixed and gravity
type platforms, semi-submersibles, floating and compliant platforms,
external pressure shell structures including oil storage tanks,
pipelines, wet and dry subsea completion systems, buoy engineering,
concepts for frontier areas, dynamic response.

FIGURE 60. CATALOG DESCRIPTIONS OF SELECTED FLORIDA ATLANTIC

GRADUATE STRUCTURES COURSES
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FIGURE 61. COURSE DESCRIPTION FOR FLORIDA TECH CVE 3015, STRUCTURAL
ANALYSIS AND DESIGN
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FIGURE 63. CATALOG DESCRIPTIONS OF SELECTED NOVA SCOTIA STRUCTURES

COURSES

MES799 Dynandcs of Offshore Strectures |
This course deals with methods of analysis of structures
ia the ocean iackding deterministic wive leading aad e
subsequeat respoase of jacket-type structuses.

The types of wave losding considered are lnear
waves, higher order waves aad waves besed apoa e
stream function. Matrix stiffoess anatysis is wsed in the
computer analysis of structures. The static respoases of
structures 10 wave loads are determined and the deflected
shapes and stress levels determined. Dysamic response
using normal mode methods are carried ost ander the
actioa of wave spectra and spectral fatigue analysis is
prescated.

ME6705 Dynamics of Offshore Structures Il

The course deals with random loading and the respoase
of both jacket and gravity based structures. The statistical
repeesentation of the sea is developed and the diffraction-
radiation analysis of large structures is presented. The
finite element method for analysis is oulioed. Various
numerical methods used ia the analysis of offshoce
structures are coasidered. Both time-domaia and
frequency-domain analysis is carried out.
Prerequisite: MES700.

ME6820 Ship Structure Asalysls and Design

Types of losding and eaviroameatal conditioas affecting
a ship are considered. Topics laclude: stresses oa @ ship
and the design of members 10 carry loads: riveted and
welded coanections; girders, compression members, and
frames. Plates in compression and under fluid losding are
examioed. These concepts are applied 0 buliheads and
decks and extended 10 the design of shells. Loagitudinal
strength calculations are also considered.

ME6870 Theory of Ship Structure Analyss 1

This course provides studeats with theoretical methods of
structural analysis for ships and oceas structures in
various marine eavironmests. it contains: probabilistic
descriptions of oceas wave loads acting oa ships and
ocean structures; the input-output relatioas; responses in
loag and short crested seas; extreme value statistics of
wave loads; variability on bull-streagth modes of failure;
reliability concepts and design considerations.

ME£37$ Theory of Ship Structural Analysts Il

This course provides students with advanced theoretical
methods of structural analysis for ships and ocean structures
in various marine eavironmests. It deals with bull-
structure respoases to environmeotal induced loads;
hydroclastic analysis of bull flexibility, slamming and
speinging; isotropic and orthotropic plate theories; plastic
analysis of structures; finite element methods aod their
applications 0 ships and ocean structures.
Prerequisite: ME6870.
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MARINE STRUCTURAL EDUCATION IN RELATION TO
PRACTICES AND EXPECTATIONS IN INDUSTRY

In order to determine marine structural analysis and design practices and
capabilities in the marine industry at present, so as to be able then to consider the
implications this may have in evaluating the level and type of educational programs
required, a questionnaire was composed and sent to some fifty organizations. Among
them were both representative large and small design firms, several large and small
shipyards, a few ship operators, and several regulatory and government agencies
including the Coast Guard, the American Bureau of Shipping and the Naval Sea
Systems Command. The design firms and the shipyards were geographically well
distributed among the various regions of the United States and Canada. Several
design firms and builders specializing in small craft - including even ocean racing
sailboats, yachts, casino boats, tugs, catamaran ferries, etc. - were included, as were
some that are engaged primarily with offshore platforms and other offshore systems
of various types. Most of the very large design firms and shipyards but only a very
few of the smaller ones have in recent years evidently been concerned with work for
the U.S. Navy exclusively, and still seemed to be when they were contacted.

To solicit frank answers the recipients were assured that their responses would
not be published, or even circulated among those sponsoring and monitoring this
project or in due course reviewing this report. The intent was not to document in
great detail the educational backgrounds and experience of those currently
responsible for structural analysis and design at these organizations, or, for example,
to determine and then state exactly what computer software and hardware they
currently employ, but to seek adequate information to reach on a sound basis some
general conclusions appropriate to this study. Not all organizations contacted replied
and several did not give answers to one or more of the eight questions, but thirty-eight
did and many of them wrote lengthy accompanying letters expanding on their
answers well beyond what was expected. One letter from a major shipyard, however,
stated that they considered company confidential most of the subjects dealt with in
this questionnaire, and did not believe their answers would be helpful, and therefore
did not return it. This single negative response could be construed as indicating that
they consider their engineering personnel and procedures in the area of marine
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structural analysis and design as entirely satisfactory if not exemplary, and if so that
too was helpful information.

The Questionnaire

Copies of the transmittal letter, the actual questionnaire, and the Ship
Structure Committee project prospective that were included in the mailing are shown
in Figures 64, 65, and 66. While it was anticipated that all of the replies would be
received in several weeks, a few were in fact not returned until several months later.
This was due in part to those individuals to whom they were sent — mostly personal
acquaintances or those known to be engaged in or responsible for the structures work
at their organization — having left their organizations for employment elsewhere or
possibly, of course, their having recently retired or been separated because of

downsizing.

The Responses

Questions 1 and 2

The answers to the first two questions made it abundantly clear that, as
expected, marine structural analysis and design today is being conducted as often by
civil and to a lesser extent mechanical engineers as by the naval architecture
graduates of the undergraduate programs described earlier. Several of the civil
engineers had earned master's degrees in naval architecture, but more in civil
engineering or applied mechanics. A surprising number of those engaged in structural
work, perhaps one-quarter, were educated - often in naval architecture, however -
overseas, most notably in the United Kingdom. Unexpectedly, perhaps another
quarter or more of all those so employed have not received any formal higher
education. It would be misleading to describe them all as just very experienced
draftsmen who have learned what they need to know on the job, but it is quite normal
for them to call themselves — and often their employers at most of the smaller firms
also to call them - "designers." Those who were educated in naval architecture in the
United States and Canada were most often graduates of Webb or Michigan, certainly
because these two programs have enrolled and graduated with bachelor's degrees the
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RAYMOND A. YAGLE
Consulting Naval Architect

Room 210, NA and ME Building
North Campus
Ann Arbor, Michigan 48109

Telephone: (313) 764.9138
May 8, 1995

(This "form letter" is most often being addressed to the appropriate individuals for their response,
but in some instances to responsible acquaintances or just an organization in anticipation that it will
be forwarded to the proper person.]

Dear Sir:

I have for the last two months been engaged in carrying out many of the requirements
seeking a determination of the current status of marine structures education as listed in the enclosed
copy of the prospectus for an active Ship Structures Committee project, and am writing to you to
request your assistance now in addressing the several tasks that deal with present practice and
capability within the marine industry. The enclosed questionnaire I have prepared may not be
entirely adequate for your or any other single organization, but I will greatly appreciate your taking
a few moments to jot down -- in pencil if you wish, since the returns are only intended to help me
discern the range in the level of competence being applied in current work and the scope and nature
of the problems being encountered and will not be quoted or identified to anyone else -- whatever
responses you deem appropriate. I certainly will in due course contact by telephone a number of
those whose answers warrant greater attention, and may even wish to conduct personal interviews
in some instances. This project -- as the prospectus makes clear -- is aimed at improving
engineering education in this specific area and will ultimately I believe be of some direct benefit to
your organization and our entire industry; thus frank and even candid answers, when justified, are
essential.

A stamped and self-addressed envelope is enclosed for use in returning the completed
questionnaire, and while an immediate reply is not in any sense mandatory I have phrased the
questions so that answering them should not require more than an hour or so to enable you to do
so promptly.

Gratefully,

Raymond A. Yagle

FIGURE 64. COPY OF INDUSTRY QUESTIONNAIRE TRANSMITTAL LETTER
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largest number of students in recent years. Several in this particular group, when
interviewed in person or by telephone, were less than enthusiastic about their normal
work activities and said they were disappointed they were not more challenged and
were not recognized as more important to their organizations than they seemed to be.
Others deemed themselves as part of a larger "team," and had input to other aspects
beyond those involving the structural concerns of the projects on which they worked.
All of these views had to be judged with regard to the type and the size of the
organization at which they were employed.

Questions 3 and 4

The next two questions were intended to clarify this somewhat expected previous
response, but since an effort was made initially to include in the mailing organizations
of many types both large and small, the answers were equally varied. Almost all of
the design firms and most shipyards felt capable of, and were active in, completing
new designs (albeit within the size range of vessels with which they had experience)
and hence would be able to generate the plans and/or handle the construction of
conversions as well as new construction. Resolving structural problems in existing
vessels was seemingly the one type of task that those from both the large and the
small shipyards and design offices, and the regulatory and government agencies and
operators as well, all felt they could accomplish. Some of those interviewed later
obviously did not really understand, or at least had no experience to suggest to them,
that some conversion structural problems could demand greater sophistication and
capabilities than they anticipated would be needed and that perhaps their confidence
was not wholly justified. This was not the case for those organizations that are
dedicated to doing research and development work in the marine structures area, and
hence are aware that all too often seemingly mundane marine structural problems
can require the attention of even those with doctoral degrees using procedures and

techniques not available to nor in routine use by practicing engineers.

The great majority of answers to the fourth question, that used the two versions
of the strength chapter in the Principles of Naval Architecture editions and the
textbook Ship Structural Design - all published by The Society of Naval Architects
and Marine Engineers - as a rough scale by which to characterize the complexity and
the level of work they felt capable of handling and/or in which they were normally
engaged, did not select the latter. Some in fact responded that they did not know of
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the book, a very telling reply indeed since it was not always made by the smaller
organizations. The responses to the second part of that question generated the same
discouraging impression: most smaller design firms and even larger ones, and both
large and small shipyards, do not concern themselves with evaluating, for example,
the reliability of their structural designs and, even more significantly since they may
not know how to evaluate reliability, they also do not utilize probabilistic methods to
describe design loads. Loading would seem to be (if most of the responses are to be
taken unequivocally) a matter for the regulatory agencies or most often just common
sense, by which their replies suggest they mean experience gained with structures of
whatever type and "routine" static loads and no unsatisfactory eventual performance
of which they are aware. Whatever their approach, they tend to believe they are
being very conservative and hence safe to such a large degree that no improvement
in their methods on that basis is routinely required.

Question 5

The first part of the fifth question regarding materials universally elicited the
answers that might be expected. Firms dealing with only fiberglass at present were
not at all confident they could work with steel or aluminum. Larger firms normally
engaged in designing or building with steel indicated they could and quite often did have
projects involving high-strength steel, including those dedicated to offshore platforms
rather than ships. The design firms for the most part believed they could handle any
analyses or designing required whether it was aluminum or steel - or evidently any
other material for which the engineering properties were known - and more than a
few seemed to imply that they wanted it understood they could as well, if called upon,
properly resolve any normal structural problems whether the application was marine
or otherwise. The answers to the second part of this fifth question indicate the
smaller design firms and most yards do include consideration of fabrication
procedures in dealing with whatever structural analysis and/or design activities in
which they may become engaged. This would appear to be especially true in regard to
structural details. Larger design firms evidently do not always worry about
fabrication considerations in the conceptual phases of their design activities, but are
apt to be more familiar with what might be termed good design practices in regard to
structural details and to be better equipped to analyze those they may anticipate will

be troublesome.
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Questions 6 and 7

The next two questions were perhaps the key ones included in the questionnaire
in that they were meant to permit some truly significant conclusions to be drawn
relevant to the major motivation for this project being undertaken. Almost all of the
answers suggest that those individuals and organizations engaged in marine
structural analysis and design seldom question the need for and are comfortable
working with codes or rules or perhaps less specific but still mandatory guidelines,
whether formulated and/or promulgated by classification or professional engineering
societies or by the U.S. Navy or by other regulatory agencies. A few responses did
agree that the existence of these on occasion prevent or severely constrain creating
unusual perhaps innovative structural arrangements, as suggested in the question
itself, but were more passive and unconcerned about this than had been expected.
The tone of the responses in all cases to both questions would suggest that most
marine structural analysis and design has been and is now done in this manner, and
they anticipate it probably always will be. When, or if, the individual or the group
responsible may sense they face a structural problem beyond their competence to
resolve, they do indeed or believe they would go to a consultant or a consulting
engineering firm, or possibly just find the time to delve more deeply into and further
study the appropriate literature so as to eliminate the need for that option. The
inclusion of examples, such as determining ultimate strength or estimating fatigue
failure, in the statement of the questions was meant to suggest that those responding
should also acknowledge in estimating their competence that some problems or some
aspects of a problem that may be important may not on occasion immediately be
apparent to them if they seldom if ever had needed to consider them before. Few
presumably wanted, in writing, to underestimate their abilities, however, and hence it
is not clear just how honest or forthcoming their answers were and how indicative
they collectively are in gauging the confidence those responding have in their

technical abilities.

The answers to the second part of the seventh question were encouraging in that
they demonstrated the appreciation by those answering of the possible value of the
various types of continuing education. Several stated that their participation was
much more prevalent in years past than currently, but left the impression this was
probably due more to economic concerns at present than lack of interest or

recognition of need.
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Question 8

The eighth question produced a wide range of answers, some listing all of their in-
house structural programs and several all but the actual model numbers of the
computers on which they run. Several of the more modest design firms have a great
deal more capability that might be expected - or, perhaps, even necessary - and
some relatively substantial shipbuilding organizations could be deemed somewhat
deficient by current standards if their answers were in fact complete. NASTRAN is
still in use at many locations for finite element analyses, as current and
comprehensive a program as MAESTRO was available to those at more
organizations than was expected, and ABACUS, GIFTS, SAFEHULL, PLATE,
PipeNet, STEERBEAR and perhaps a dozen more programs with recognizable
names used in ship structural analysis and design, and in shipbuilding, were
mentioned in the replies received. Most organizations depended on 486 PC's for
routine work, but one of the large shipyards dedicated to work for the U.S. Navy and
one of the consulting engineering firms said they had workstations with access to
Crays. Only one boatbuilder (but, perhaps, to some extent, another as well) of all
those responding answered in such a way that would indicate their organization's
computer usage was really very limited; most seemed to take some pride in how
extensive their program libraries have become. The term optimization remains
misused or overused, however, the pitfalls of modeling procedures are seemingly not
apparent to some, and uncertainty if not absolute ignorance about how to treat

marine loads rationally is still prevalent.

Question 9

There was a final, ninth, question seeking any additional comments those
responding wished to make and requesting any suggestions, concerning matters,
topics, or procedures that might have, or should have, been included to make the
questionnaire better, or in any way to aid in fulfilling the needs of the study as defined
in the project statement. The responses were lengthy in several instances, and
helpful. That project statement did, of course, require that contact with the marine
industry be made, and the questionnaire and the responses, collectively with respect
to some items and less often individually in regard to others, have been adequate to
suggest and to justify some of the conclusions given in the next section of the report.
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CONCLUSIONS AND RECOMMENDATIONS

The information provided in two of the foregoing sections of this report is mostly
descrip‘tive: what academic programs of interest exist and what are they like in
general, and how, in particular, do they present material concerning marine
structural analysis and design to students. The immediately preceding section
summarizing the responses to the industry questionnaire does not mention that there
seems to be in industry any widespread dissatisfaction, with the manner in which the
various schools have handled that presentation nor with the results they have
achieved, because it was not evident that there was any at all. What is possibly
more disturbing is there seems to be, instead, widespread but certainly not total
indifference with regard to how the schools actually operate, how well educated with
respect to marine structural analysis and design the graduates at all degree levels
from those schools with programs in naval architecture and/or ocean engineering are,
and even how they and their organization might better accomplish the structural
analysis and/or design tasks they encounter and must complete.

Of the dozen schools with undergraduate programs that were included in the
earlier section, the first four would seem to be graduating at present an adequate
number of bachelor's-level naval architects to meet the current needs of the marine
industry. This could not have been stated just several years ago since their normal
collective enrollment, and therefore total number of graduates in the last year or two,
were much reduced because students were not being attracted to this particular
discipline at least in the U.S. due to the view generally held (but by many younger
people especially) that the marine industry was nearing collapse as the U.S. Navy
had to cut back ship procurement programs. But during the intervening period Webb
has been able to admit and to graduate more students than ever before -
approximately 24 and 18, respectively — and Michigan at present is again graduating
93 or 24 students this year and anticipates some further increase in each of the next
several years. While the Memorial bachelor graduates generally remain in Canada
after receiving their degrees, the total number of students at New Orleans would
suggest that more than the usual 10 or so might graduate if it were not that most of
the students work full-time and are only part-time students and concurrent work
opportunities for them seem to be available at present in the Gulf region. The few
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students now receiving their undergraduate education in naval architecture each year
from Berkeley, and the uncertainty about whether the number will increase, and
much the same situation at MIT with regard to their remaining undergraduate
program in ocean engineering, render concern for what their undergraduate students
are taught or learn regarding marine structural analysis and design seem almost
moot. Much the same conclusion not to include them among the four can be reached
regarding the Coast Guard and Naval Academies even though they annually award
several dozen degrees, since their graduates are not available to enter industry at
once. But Virginia Tech now awards 15 or so bachelor's degrees in ocean engineering,
and, as indicated earlier, their program has much of the same content and is more like
the traditional programs in naval architecture than are those at the three remaining
schools with programs also specifically called ocean engineering. These other schools
with ocean engineering undergraduate programs are certainly providing additional
graduates to the marine industry, but most continue to seek careers as coastal
engineers or in some other branch of ocean engineering rather than in structural
analysis and design even though they are often just as well qualified to contribute in
that particular area as civil or mechanical engineering graduates. .

Table 2 lists the number of degrees, at all levels, granted by the various
institutions in 1993 and 1994, for reference. Some of the values are not necessarily
exact since they were all obtained from several sources and these did not always
agree. Even if approximate, however, they are adequate for the purpose of this

report.
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TABLE 2. NUMBER OF DEGREES AWARDED IN PROGRAMS OF INTEREST
AT INSTITUTIONS INCLUDED IN THIS STUDY

INSTITUTION ] _B_ii 93 | B,'94 || M2 E%,'93 | M, E,'94 || D4, '93 | D, '94
Webb | 16 18 N N _ _
Michigan 18 13 21 25 8 5
New Orleans 17 9 0 0 - -
Memorial 6 4 9 7 2 1
Berkeley 4 5 6 7 2 3
Coast Guard Academy 23 24 - - - -
Naval Academy 22,33 | 15,20 - - - -
Virginia Tech 17 15 *5 2 * *
MIT 1 5 41 55 11 13
Texas A&M 21 21 12 17 3 3
Florida Atlantic 16 22 8 14 4 2
Florida Tech 22 30 7 7 0 1
_Nova Scotia - - 2 4 0 2

Sources: American Society for Engineering Education Directories (see BIBLIOGRAPHY) and
personal communication.

1B=Bachelor degree, whether B.S.E., B.Sc., B.S,, naval archtitecture or ocean engineering
2M=Master's degree, whether M.S.E., M.Eng., M.S., M.A.Sc., naval architecture or ocean engineering
3E=Professional degree: Naval Engineer, Naval Architect, Ocean Engineer

4D=Doctorate, whether D.Eng., D.Sc., Ph.D., naval architecture or ocean engineering

5Separate degrees in Ocean Engineering, rather than in Aerospace and Ocean Engineering,

at the master's level began in 1993, and at the doctoral level no distinction is made.

Thus only the five undergraduate programs of most importance to this study -
Webb, Michigan, New Orleans, Memorial, and Virginia Tech - could and perhaps
should be judged as to how well they handle marine structural analysis and design,
how viable is the content of their individual structures courses and complete the total
coverage, how qualified the various professors involved may be technically, and
maybe with regard to other pertinent factors. But none would in fact be found
untenable, even though all may be wanting in one or several aspects. Discussions
with professors and even those with administrative responsibility at these
institutions make clear they are very much aware in what areas they may fall short,
but are either attempting to remedy that circumstance or have other problems on
which they place a higher priority. The differences among these five undergraduate
programs with respect to how thoroughly they cover the fundamental knowledge
graduates should know to be able properly to keep pace with the technological
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advances that are occurring in engineering today - in materials, in fabrication
techniques, and even in analysis and design procedures — are not really very great,
probably because it has long been accepted that universities are not "trade schools"
and the basics must be taught first and well. The degrees to which these programs
prepare their graduates for practice, how extensively they communicate how the
basic material can be applied to real - and for the concerns of this project, marine -
structural problems, does vary. Whether at several schools a second strength course
taken after a basic one introducing the fundamentals of strength of materials is
properly named, and is indeed concerned specifically with marine structures or just
advanced strength of materials generally, can depend on the individual professor's
inclination which in turn may well depend on his own particular background and
experience. The course syllabuses reproduced in the foregoing do not illustrate any
situations where what might be called the balance between fundamental theory and
practical application - teaching useful problem resolving approaches and procedures
with appropriate marine structures examples - is too far from equilibrium, even when
some of the professors may have been educated as civil engineers and the
applications may also occasionally involve structural problems not specifically

marine.

What has obviously been of tremendous benefit to those teaching and to the
undergraduate students learning about marine structures at several of the schools,
however, has been the increasing attention being given in their programs to ship
production and to fabrication practices in particular. It is now possible to recognize
that many undergraduate and even graduate students were formerly not able to fully
envision realistically what constituted structure in ships or platforms or even boats,
and did not concern themselves at all with how the structure was assembled,
especially in the classroom. Only Webb had a formal practical work period
requirement until relatively recently, but summer intern programs have become
popular at several additional schools to their great benefit. That these arrangements
be emulated at the others is well worth recommending. It would also be of real value
if several of the undergraduate programs could include greater treatment of fracture
and fatigue, more on material behavior, and so on for many other topics. But any
curriculum additions can only be accomplished by replacing and thus deleting other
topics, or the unacceptable alternative of increasing the number of credit hours and

hence terms required.
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The trends in graduate engineering education — generally, but certainly at the
master's degree level - towards greater concern for and emphasis on preparing
graduates for practice, rather than seemingly sometimes only for even further
education after a master's degree, bodes well for today's students. But practice must
be interpreted broadly; it is too educationally demanding on the one hand to permit
any but the very brightest graduate students to specialize in a worthy and
meaningful specific area of engineering, and be certain they have dealt with all it
entails technically no matter how narrow it may appear, and on the other hand
simultaneously within the same number of credit hours to prepare them to some
extent also to manage and to carry out the necessary economic planning, to consider
marketability, and to anticipate operational problems and management concerns
with regard to complex engineering systems as currently envisioned in the so-called

"concurrent design" concept.

That doctoral programs, and theses, even in engineering may remain as esoteric
as ever is not deemed a major concern at present. Basic knowledge and
understanding must be advanced, and the entire marine industry with all its
engineering activities and demands seemingly functions at all well only by being able
frequently to utilize and adapt to current problems the advances that have more
often been produced for other elements of industry by research and/or development
efforts in disciplines other than naval architecture and/or ocean engineering. Thus
the recognition that no more than five or six doctoral degrees in naval architectural
aspects of structural analysis and design are being awarded annually in North
America is, while unfortunate, again, an indication this area is not considered as
attractive nor as well funded as others by potential candidates seeking doctoral

degrees in engineering.

But the schools included in this study are, again, collectively seemingly
graduating an adequate number of master's degree-level and even doctoral degree-
level naval architects to meet the current needs of the marine industry. Michigan
and Memorial, and probably New Orleans and Virginia Tech but certainly now
including Berkeley and MIT, continue to maintain more or less traditional graduate
programs, whether they be designated in naval architecture and marine engineering
and/or ocean engineering, capable of educating more students than at present if a
surge in enrollment because of a perceived industry need were to occur. And the
healthy graduate programs at the other three ocean engineering schools endure. But
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more graduate students in all of the programs of particular interest at all of these
institutions are specializing to the extent possible in hydrodynamics than are those in
structures and production and power systems (marine engineering) and operational or
environmental concerns (whatever the options may be called) combined, that is
probably an indication not only that greater research funding and hence graduate
student research is and has been predominantly in that field but that even adequate
support in any of the others — but most particularly in structures — could alter that
situation.

What recommendation or recommendations should be advanced to counter the
perceived sort of malaise and uninterested mind-set that seemingly currently
pervades marine structural analysis and design in general is not clear, but it is
certain the fault is not primarily or even partially in the undergraduate or the
graduate educational programs discussed even though it is manifested there as well
as in practice. All of those teaching at all of the institutions discussed are dedicated
and extremely capable people, productive and enthused about what they do even if
several of the younger professors may possibly on occasion be less enthusiastic than
desirable about teaching undergraduates and most are perhaps too focused on their
research and/or consulting work. The subject content in the various programs is not,
and the topics in the individual courses are not — and should not be - uniform, but
reflect the emphasis and the rationale reasonable minds believe appropriate within
the constraints they face. If indeed the problem is really most apparent in practice,
in industry, it may be because the industry itself does not consider marine structural
analysis and design of great enough importance nor amenable to much improvement.
This cannot be due solely to overregulation even though that might be one factor,
despite the fact that the regulators ~ the classification societies such as ABS, in
particular — have often developed and promoted the approaches that have made more
rational many of the techniques available for use today. That commercial firms have
come to depend upon them, or the Department of the Navy, to do so does relieve them
of the obligation, and does help explain why many recent and current naval
architectural graduates are not as attracted to these activities within their
organizations and less then thrilled when assigned to them.

It may also seem trite to suggest that another cause is that there are no "exotic

new frontiers" in ship structures, at least to the degree there seems to be in some
other engineering fields. But in structures generally, including such land-based
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structures as civic buildings and venues, bridges, and even shoreline structures,
improvement and advances of many types are taking place even though they are
being brought about by a relatively small number of people and organizations. It is
just not being made apparent to individuals or to organizations in the marine industry
that innovation and creative reconfigurations and other possibly more exciting
developments such as, for example, "smart" materials and structures that adjust and
adapt in response to their own sensors are indeed desirable and even needed in ships
and platforms. Analyses that justified lengthening the frame spacing in a ship by an
inch or two by modifying the arrangement of other structural members or using
better material, and thereby reducing the hull steel weight overall by as much as one
or two percent, just is in comparison not that satisfying an accomplishment and
probably would not be rewarded anyway. How those who practice in what must be
termed a conservative marine industry can be encouraged to propose possibly
dramatic improvements in the area of structures — as some have in such other areas
as propellers or hull form or even tank coatings - when the prevailing impression is
that structure is governed by rules and codes in the name of safety, and deviation
from these and the resulting redundancy and overdesign that ofterr result will impose
on those suggesting some variation a needless burden, is the real problem. Various
awards to practicing naval architects and/or ocean engineers, for creativity and
productive change, particularly if successful, offered by appropriate government
agencies such as those that constitute the Ship Structure Committee or that
interagency organization itself, might help. The recognition must be extensively
publicized in each case, however, and the awards themselves should be as rich as
possible. The Society of Naval Architects and Marine Engineers and the American
Society of Naval Engineers should be encouraged to participate and could possibly

manage the entire process.

It is foolish to suggest money, financial support for research, financial aid for
education, does not matter; but it is questionable whether the availability
immediately of a substantial additional amount of money will quickly improve marine
structure analysis and design education and capability in industry significantly.
What might help in the coming years, however, are dedicated government tax policies
intended to encourage investors, unwilling to take the entire risk themselves, to carry
through on entrepreneurial ventures that do incorporate or, preferably, even require
innovative structural arrangements, or imaginative new material usage, or other
such features. To encourage the government to do so would require an educational or
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lobbying campaign perhaps, but the prospectus for that is beyond the scope
permitted here. However, it is not unreasonable nor inappropriate to recommend
that an intense campaign be mounted at once by the individuals that constitute the
Ship Structure Committee to convince their organizations to double and then double
again their financial support, emphasizing that despite its shamefully modest funding
this committee is at present the only continuous source of funds for research and
development undertakings specifically in marine structural analysis and design, that
these undertakings are not often as theoretical or sophisticated as to elicit the
attention and support of the National Science Foundation or the Office of Naval
Research on any regular basis but normally produce results of immediate value to
the marine industry, and are in fact suggested by representatives from the marine
industry and the cognizant government agencies and thus address current problems
or concerns of real interest to them. At the very least the SCC reports should be
given much greater distribution, thereby establishing how valuable they are and
engendering wider appreciation for and application of the information they contain.

Another recommendation or two also with respect to the Ship Structure
Committee program, since improving education in marine structural analysis and
design is indeed among its specific goals, are suggested particularly by the
information concerning the various schools and their programs presented in the
preceding sections of the report. If, for example, the intent is to insure that more
students become attracted to and hence interested in pursuing their studies
concentrating in marine structural analysis and design, their single graduate
scholarship and appointing a single student as a Ship Structure Subcommittee
member are at best superficial attractions and probably not really all that effective.
More graduate student support could be achieved if every project they consider
awarding to a professor, whether through his institution or to him personally, required
that the proposal being reviewed listed by name and program level if possible the
students that would participate and the renumeration they would receive, and that
this be a major consideration in evaluating the proposal. And, again, if additional
input is desired, instead of students or even faculty members bring appointed as
liaison members of the SSSC, since at present only those professors from the U.S.
Coast Guard, Naval, and Merchant Marine Academies (none of which have graduate
research programs dealing with structural analysis and design) are, more extensive
liaison instead be sought and established with the National Shipbuilding Research
Program, the Advanced Research Projects Agency's Maritech Program, and possibly
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even with the American Institute of Marine Underwriters, the Shipbuilders Council of
America and/or the splinter group of its former members, or both, and other such
organizations even though these may not be formally affiliated with or an integral
part of the government. Strengthening ties with such existing liaison organizations
as the Welding Research Council, and especially ONR is also essential if synergism of
the level now achieved by the long established arrangement with the Committee on
Marine Structures of the National Research Council is to be duplicated or even
partially achieved with them.

While much of the foregoing is unfortunately capable only of portraying the
status of marine structural analysis and design education, and practice, as somewhat
stagnant, this is misleading with respect to that aspect of the subject that can most
easily be characterized as loads and/or loading. The very best structural analyses are
only meaningful if they describe the response to realistic loading, and structural
design decisions certainly must be based on loads rationally derived and formulated.
The progress in recent years in this area may be due more to the efforts of those who
think of themselves as hydrodynamicists and their increased concern with motions
than to structural engineers, but the value of and the acceptance of their
contributions has enhanced marine structural analysis and design enormously. Nor
is this the only positive development. The advent of ever more capable computer
programs for both structural analysis and design, and the widespread availability of
and dependence on computers capable of running them, has made it possible to carry
out more extensive and more sophisticated analyses and to evaluate more design
alternatives with greater confidence than ever before. These, and equivalent progress
in better understanding material behavior, improving fabrication procedures, and
other such advances should be more than adequate to invigorate, perhaps gradually
but surely inevitably, marine structural analysis and design. They seemingly are
capable of sustaining the educational efforts and attention that these subjects are
receiving currently and may in time amplify and extend them, but they will do so only
if the marine industry recognizes their own need that they do so and encourages them

accordingly.
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